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FOREWORD

The Department of Community Colleges encourages institutions to

review and update continually curriculums to prepare students to work

with current technology in their fields. The Electronics/Electrical

Technology Cvrriculum Manual represents an effort coordinated by

the Department to update and improve curriculums in the electronics/

electrical cluster. Most of the institutions offering electronically

or electrically based technology curriculums have had input into

this work. We feel it represents some of the best thinking of instruc-

tors involved in these curriculums and we recommend your consideration

of its implementation at your institution.

Staff of the Program Development Section and members of the

Electronics Curriculum Committee are.available to discuss specific

concepts of the curriculum with you.

Roger G. Worthington, Director
Program Development

.

Ben E. Fountain, Jr.
President



PREFACE

The Electrqnic Instructor's group at their winter meeting in

1973 set an ef/ectronics curriculum committee to update the electronics/

electrical curriculums. This committee thoroughly reviewed the

existing curriculums as well as the competencies needed for entry into

the job market today.

This manual is largely the outgrowth of the work of this committee

and of Mr. Frank Gourley, Jr. of the Department of Community Colleges.

The Electronics Curriculum Committee arrived at the curriculum

presented in this manual by considering primarily the needs of the

students in our time of ever accelerating and expanding use of more

highly sophisticated electronic. gear in everything from our eve**

living to interplanetary travel and worldwide TV. To get employment

today, the technician must primarily have a good and thorough bacWound

of basics in electricity, electronics, mathematics and physics that

witl_enable him/her to absorb very quickly the more specialized know-

ledge in the eleCtronics/electrical fields Just what constitutes

this basic background is in itself 4 coo ently changing and expanding

thing that requires that electronic cur..,..iums also be in a continual

state.of flux. To keep abreast of this fleld it is estential to continually

evaluate the electronic curriculums.

The electronics/electrical technology curriculums now offered

in the system differ primarily only in their options or field of

specialization in the last few quarters of the curriculum. The local

needs and job opportunities necessitate this specialization at the



institution. This need to have curriculums that provide for local

differences led directly to the development of the broad cluster

concept that is presented here.

By appropriate arrangement of the course content, it is possible

to provide marketable skills to those who find it necessary to seek

employment before completion of the program.

It is intended that the curriculums presented herein be considered

by each institution's advisory committee and through their counsel

and advice make adjustments and additions to conform to local job

opportunities. This manual should serve as a model for institutions

to develop a quantity curriculum that provides for local needs.

I strongly recommend that consideration be given to trying

the ideas and approaches presented herein as it is based upon the

experience, insight, advice and work of a great many individuals.

It is hoped that this manual will assist those that may be considering

initiating one of these programs or altering an existing curriculum

with the intent of improving, vitalizing or modernizing it.

Roy Gull', Chairman

Electronics Curriculum Committee
January, 1977
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INTRODUCTION

Electronics and electrical curriculums have been offered-by North

Carolina technical institutes and community colleges since their

,Istablishment as industrial education centers in 1958. These

curriculums have been offered to meet a growing need in the State for

personnel trained in the electronics/electrical fields.

Electronics technology was first offered in 1958, with electrical

technology initiated in 1962. Other technology curriculums in this field

include instrumentation technology and electromechanical technology

established in 1967. Other electronicaliy/electrically oriented

curriculums include electronics servicing, electrical installation and

maintenanCe, marine electronics, electronic product servicing, electrical

appliance repair, vending macAne maintenance, and industrial electronic

servicing.

In 1965-1966 the electronics and electrical technologies were

revised. At that time the curriculum committee revising these *grams

saw fit to coordinate courses in the two curriculums to the extent that

the first three quarters of each curriculum were the same. As the

instrumentation,electromechanical and marine electronics curriculums

were developed, this same format was followed. This fcrmat has proved

workable administratively and instructionally.

Due to the rapid and significant changes in the field of electronics

and the subsequent revisions in these curriculums in local institutions,

instructors in electronics/electrical curriculums felt it necessary to

review the curriculums-to determine changes that might be desirable.



Other concerns expressed, in addition to that of updating the

curriculum, included that of structuring for flexibility in curriculum

emphasis among institutions, providing positive alternatives to enhance

the success of the under-prepared student, improving the retention

rate of students, providing opportunities for multi-exit, developing

employable skills early in the program, and defining job performance

objectives and educational competencies.

As a result of these concerns the Electronics Curriculum Committee

was established. This committee included instructors in electronics/

-electrical curriculums from technical institutes and community colleges

a.:voss the State. Curriculums represented included electronics, instru-

mentation, electromechanical and electronic servicing. The committee

proposed that it review the existing state curriculum guide, recommend

modifications to update the technical content of the guide,_ identify

core concepts io the curriculum, define performance levels within the

curriculum, determine the concepts needed to support each perfOrmance

level, propose possible early skills development approaches,.define

admission criteria, explore the commonality of servicing and technology

curriculums, propose possible advanced technology programs for-graduates,

obtain responses to the curriculum ftom industriil advisory Personnel, .

and present recommendations to electronics/electrical instructors 'ler

review, critique and approval.

The committee's activities resulted in updated electronics/electrical

curriculums that include: 1. Instruction in recent developments such

as digital electronics, integrated circuits and microprocessor fundamen-

tals; 2. Electrical and electronic fundamentals courses organized

2
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using the systems approach to provide a qual4tative (How) overview

of systems which then proceeds to a study of components, after which

a quantitative study of components progresses back to a study of the

systems; 3. Optional emphases within the electronics technology

curriculum to provide institutional flexibility to the curriculum;

4. Content rearranged to provide employable skills early in the

curriculum and to provide hands-on skills to motivate students;

5. Performance levels compatable with OtT.tionary of Occupational

Titleb (D.O.T.) job categories and competencies for selected

entry/exit points within the curriculum; 6. Suggested course schedules

for six quarter and seven quarter programs; 7. Performance objectives

and course content for the total curriculum; 8. Suggested lab

experiences and instructional resources for the instructor ; 9. Course

scheduling that provides for the development of mathematical skills

prior to their use in science and technical courses; 10. A "light"

first quarter to allow for student adjustment and the inclusion of

developmental skills ccur'e .vch as math laboratory and reading

skills improvement where necessary; and 11. Revised curriculum

guides and course outlines tor the Electronics, Electrical, Electro-

mechanical and Instrumentation technology curriculums.

Plans exist to explore the feasibility of adapting other electronics/

electrical curriculums to provide for further integration and options

to the career cluster established by thts project.

This manual provides information developed to support institutions

wishing to implement the revised curriculums. Emphasis of the manual

3
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Is on the software needed to implement the revisions. In addition

to curriculum guides, course outlines and equipment lists, the

manual includes job descriptions, job competencies, and performance

objectives for electronics, electrical, electromechanical, and

instrumentation curriculums.

Performance objectives and job competency statements can be

used to determine advanced placement of students with prior experience

or education in the field of electronics and the employable skills of

early leavers. Job competency statements and performance objectives

can be used in helping focus the instructional activities of the

curriculum. These statements were developed by the Electronics

Curriculum Committee, with the help of D.O.T. job descriptions and based

on their teaching experiences and their experiences in placing early

leavers and graduates in electronics/electrical fields.

The electronics curriculum has been reviewed and discussed in

_two_ different statewide meetings of electronics instructors with

favorabie concensus at both meetings. The electrical electromechanical,

and instrumentation curriculums were updated and reviewed by the

institutions offering each. curriculum. The concensus of their comments

are included in this manual.

12
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Planning considprations
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Institutions implementing a curriculum in this cluster are-encouraged

to adopt the curriculum, as presented in this manual. These curriculums

are designed to provide persons in the electronics/electrical fields

with the inherent flexibility required to adapt to rapidly changing

technology. Instructional materials are available to help outline the

concepts to be taught and the order of teaching them. Texts and

references have been suggested that are organizea in a manner consistent

with the proposed course structure or have content compatible to the

teaching of these concepts. Objectives and competency.statements

have been provided to assist in defining the suggested educational

outcomes of the courses and the curriculum. In some cases material should,

be consolidated from several sources to provide the appropriate content

for the course. Additional texts should be reviewed to determine the

appropriateness of each to the course being taught.

Equipment for the curriculums is identified in Equipment List

No. 61 Electronics, No. 60 Electrical, No. 190 Electromechanical and

No. 101 Instrumentation. These equipment lists provide a list of

equipment that may be selected for use in the technical specialty

-liborttories. equipmont fist'

mechanical and Instrumentation curriculums also. Estimated costs for

equipment can be determined by reviewing the appropriate equipment

lists. (See the section titled Equipment Lists.)

14
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The basic equipment found in most institutions offering electronics/

electrical curriculums provides the core support for the curriculums.

Additional equipment may be necessary to orient the instructional

program to new technology in electronics, depending on the extent

to which the institution has kept up to date with the field and the

particular option being chosen for emphasis by the institution.

The curriculums included in this =null supersede earlier

curriculums by the same numbers and titles. No official action is

necessary at the State level for the institution choosing to modify

its existing curriculum to the new format unless the curriculum is

being extended from six to seven quarters. In the final quarters of

the Electronics Technology (1-045) curriculpm the institution may

wish to emphasize communication, computers, or automatic controls

(or a combination of the three) based on the recommendations of the

local advisory committee for the curriculum. Institutions wishing to

add a new curriculum in the cluster must submit a curriculum application

through the normal channels for approval by the State Board of Education.

15
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CURRICULUM DESIGN

The Electronics/Electrical curriCulum,clUsteris detigned(With a
cormnon core of courses for the;first four quarters. ,Earks,of.the four
curriculums shown is designed as a separate; curriculum .amd-4is assigned
a separate curriculum-code. An institutiOn'May.with ti:t.iinpleMent
one or a combination of the curriculums inClUded.i.howeVer,;earh.,
curriculum offered must be approved by the Stati,Board otIdecittjon*
Other curriculums may be developed to branch off,'er to feed Into the ,

matrix as the need arises.. The Eleetronice, TerhnologY luis,speriatired
el ec ti v es the last two quarters. This-allOWs:aeuerea of'reneentrition
to serve local needs if thp.inititution so chOotet.. For additional::
information see the Electronics curriculum:.gUide.

[ Sixth I

Quarter I

th
Quarter

Electromechanical
Technology
T 039'

Seventh
Quarter

'Sixth

Quarter

!Fifth' I
Quarter

El ectrical Instrumentation ; El ertrenics.
Technology Technology... Technology.:.:,
T 044

. T 048 .:1:045

Fifth
Quarter

ICURRICULUM1PECIALIZATIONi1;.,
...

,

t

. ,

Th ,rd

Otkirte .

Itecond,
[Quarter, I

I First
[Quarter

Levels of performance-have been identified using job conipetincy

and performance objective etatenents to help in evaluating etudent

entry and exit points. these entry level job Categories are .the

subject of the following section.

8
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JOB DESCRIPTIONS/JOB COMPETENCIES-

:-

Suggetted job descriptions and job competencies have,been identified
for the electronics engineering technician, electrical engineering
technician, electromechanical techniclan'andinitrumentation-technician.
These general statements can be tised to assist in. destribinuthe types
of educational experiences recoMmended for stUdents pribrA0 graduation
from the particular curriculum. It it recommended that these '

statements be reviewed and refined bY, the local advitory coOmitt0765---
assist the institution in meeting local manpower,needs. further:
assistance might be provided.bfthe local advisory committeebY:
reviewing course objective-StiteMents provided in the course outlines
and identifying additional specific instruct-tonal activitiesin
of the overall curriculum objectives

Job descriptions and job competinciesiare alto provided forfseVeral,
Job categories at levels intermediate to:t1WcOmpletion,oftW .

technology curriculum.. JOb'titles for theseAntermedittileftilare'
electrical tester, electronic tester, and,electrontethniCiaThit
information isAncluded preceeding the Electronics:log*0104 TetAniCian
information, but it has relationship tO the otherlichheOgies as well
The following chart suggests typical job Categoriet:tbaCOuld be'filte&
by individuals proceeding through the Electronics Ied40109Y.WriCulut

[rventh

uarter

Sixth
arter

Ftfth
arter

Fourth
luarterl

Third
uarter

First
arter
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Electronic
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Electrical Tester

Job Description

Tests electrical devices using instruments such as bridges, galvano-
meters, oscilloscopes and variable voltage power supplies. Nay'
measure resistance, current, voltage or other 'electrical chiFacteris-
tics to determine conformance to written specifications-;-- May keep'
inspection records and write procedure reports.

Job Competencies

Electrical Testers may:

Inspect and/or replace .wires,':cablet and .connectiqnS:,...
Verify cal ibraticnt 'of...instruments and'inetert-viailOking.
standards.

.

Verify :device control-.operations
Follow batic .electrical and electromechanical:. speCi.fiCatiOni-',

,

Interpret:.wiring diagralas .-"
Use basio-hand-tOols-and..devices::.common tO-ielect. ca., ha
lation and testing

Record el.ectrical .Perforinance data?

Read- inspection.CheCklisf.S.',604yOrkorders to COnduct .intOec-1
. : , .tions

Test installed systeMs tO,deterMine cOnfOrmance.;to specifi-
cationS
Demonitrate electrical
system(s)

Job Description

Tests complete electronic. syStems, ,ConstruCts;;teit'Ci rc1.ts, çcàiatest data with specifiCitions and' records test data. , May calibrate,,

systems,' trace defectiVe.circuitS;.'repleC44efeCti've0fi,: h
to return systems to production end. .systens
to eval nateperformancc...Uses-oteCtr4104e-',
soldering iron, test manuals, and sChimatics- and Wiringdiagtimi:;.';14ay
work as a systems tester, test techniCian, 'qUality contrOt techniciaft
or trouble shooter.

El9ctronic Tester.

1 8
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Job Competencies

Possible tasks that may be performed as an electronics tester (in addition
to those performed by the electriCal tester) include:

(1) Test Complete electronics systems in terms of input/output
specifications using electronics testing equipment

(2) Record and plot test data in terms of conformance to test
specifications !

(3) Calibrate systems to Obtain specific characteristics,
(4) Isolate syttemmaifUnctiont:which Can be corrected by 'replace-

ment of modules or plu0n assemblies or units
(5) Demonstrate operating procedures for installed electronic.

systemisY
(6) Use basic-hand-tooltanevices common to eleCtronics instal-

lation and testingr'
(7) Use installation wiring diagrams to insure proper operation

Electronic Technician

Job Description

Repairs electronic equipment, such as computers, industrial controls,
radar systems, telemetering and missile control systems, transmitters,
antennas, and servomechanisms, following blueprints and manufacturers'
specifications, and using handtools and test instruments. Testslaulty
equipment and applies knowledge of fUnctional operation of electronic
units and systems to diagnose cause of-malfunction. Tests.electronic
components and circuits to locate defects, using-instrumehts, suCh
as oscilloscopes, signal generators, ammeters, and vektmeters. Replaces
defective components and wiring and adjusts mechanical,parts, using
handtools and soldering iron. Alines, adjusts; and calibrates equipment
according to specifications.

Caltkilles_testing-instrUments,--Maintains
CITTEriffOns, and tests.

Job Competencies

The electronics technician is primarily responsible for the trouble-
shooting and repair of electronic apparatus_ ao_d_il_CaPalakof.PerfarMing
the following tasks in addition to those of the electronics tester:

(1) Test and repair modules and subassemblies which are a part
of a system

(2) Assemble electronic apparAtus using blueprints and assembly
procedures

(3) Select and use appropriate electronic test equipment and
procedures commensurate to the task

11



(4) Interpret schematic diagrams for troubleshooting of electron-
ics apparatus

(5) Calibrate and align electronic test equipment to specifica-
tions

(6) Organize and maintain technical literature pertinent to
troubleshooting and servicing electronic equipment

Electronic Engineering Technician

Job Description

Applies electronic theory, principles of electrical circuits, electrical
testing procedures, engineering mathematics, physics, and related subjects.
Builds, tests, troubleshoots, repairs, and modifies developmental and
production electronic equipment, such as computers, missile-control
instrumentation, and machine-tool numerical controls. Discusses layout
and assembly problems with electronic engineers and draws sketches
to clarify design details and functional criteria of electronic units.
Assembles experimental circuitry (breadboard) or complete prototype
model according to engineering instructions, technical manuals, and
knowledge of electronic systems and components and their functions.
Recommends changes in circuitry or installation specifications to simplify
assembly and maintenance. Sets up standard test apparatus or contrives
test equipment and circuitry, and conducts functional, operational,
environmental, and life tests to evaluate performance and reliability
of prototype or production model. Analyzes and interprets test data.
Adjusts, calibrates, alines, and modifies circuitry and components
and records effects on unit performance. Writes technical reports
and developed charts, graphs, and schematics to describe and illustrate
systems operating characteristics, malfunctions, deviations from
design specifications, and functional limitations for consideration
by professional engineering personnel in broader determinations affecting
systems design and laboratory procedures. May check out newly installed
equipment to evaluate system performance under actual operating conditions.

Job Competencies

The electronics engineering technician is:primarily responsible for
providing technical assistance to the engineer. After appropriate
orientation to specific projects and withoormal supervision, he should
be able to perform the following tasks in addition to'those identified
for the electronics technician:

1

I Verify engineering designs
2 Collect and analyze data
3 Assemble and test prototype units
4 Modify current designs
5 Write technical reports
,6) Provide liaison between the engineer and other departments
(7) Serve as customer contact for the purposes of sales and service

12
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Electrical Engineering Technician

Job Description

Applies electrical theory and related subjectsto test,-...install. and
modifY electrical machinery and.electrical control, equipment.and .

circuitry in.industrial or cOmmercial.:plentS.andlaboratOri.es.'
. Asses* lesand tests 'motor-control devicet:.:switch patels;tranSforeeri'i.,:.9enerator .windings, -sol enoids and other-el ectrical ..eq01 004 Itititt-CoMpOneet4'

acCordi ng. to engi neeri ng data and know) edge of olectriCalprinOi plea
Modifies el ectrical prototypes .te, Correct .fOnctional de0AitiOnC under .direction of electrical engineers.. DiagnOtes".cause:Of 41eCtilkilY,Or:;.
mechanical" mal funCti on or ..fai I tire or operational.' eqiiionient.in-Cperw.,'
forms. preVentative,and

correCtiVe-inaintenance;'.,DeVelO041WIng.'diagraMs,layout drawings , and engi neering .ipeCifiCations:;,:fOr
Modifications or expansion and directS,periOnhel.'OeflorMiOMIVOUtine.::.::-.isntal 1 ation and mai ntenanCe Pl d.1

periodic electriCal testing and recoinmendS'Or .initiateC.ModifiCatiOn.-
Or replacement of equipment which fails to meet acCeptabIOpetati.nt-..---standards.

.

Job Competencies

Upon successful completion of the electrical engineering technology
curriculum the student should be employable as an electrical engineeringtechnician. After appropriate.orientation to specifiC projects and
with normal supervision, he should be able to perform the followingtasks:

(1) Design, modify, install or maintain electrical machinery
or equipment

(2) Diagnose and correct malfunctioning of electrical machinery,
equipment, and controls

____,..............__.......---- ------(3) Planv-set up-,-- arld/oraindifetlittfiiiieTectrical componenti
or units

(4) Interpret test results and prepare technical reports for
-

. use of engineers
(5) Select and specify equipment to be purchased
(6) Support engineers by making drawings and Sketches of experi-mental equipment
7 Interpret wiring diagrams for electrical iSistiris
8 Install electrical control equipment-atd systems
9 Assist engineers in the design of power distribtittOn-systems

and lighting systems in industrial and commercial buildings(10) Design the electrical and lighting layouts for4 residential
systems.

(11) Take off materials prior to bidding on a contracting job(12) Organize and maintain technical literature pertinent to
.the troubleshooting and serviting of electrical-equipment

13
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With additional xperience and under normal supervision the electrical
engineering technician should be able to perform the following tasks:

(1) Supervise the installation of electrical control equipment
and systems

(2) Estimate electrical contracting jobs for control, lighting,
and power systems

(3) Design and layout power and control systems
(4) Serve as liaison person between the engineer and production

personnel
(5) Test breadboards of new and exnerimental equipment or processes
(6) Work in a consulting capacity in the desigh of systems
(7) Serve as a customer contact for the purposes of sales_and

service

Electromechanical Technician

Job Description

Helps design, fabricate, install, and test devices which utilize the
interaction of electric impulses and mechanical controls to produce
products, control functions in the manufacturing process. May
troubleshoot, repair and maintain specialized electromechanical.systems.
Uses an analytical approach and the basic principles of electricity,
electronics and mechanisms as the foundation cf work with automated
electromechanical systems. -May work in industry or business asAtri'
engineering aide, maintenance andlroubleshooting technician, field
service technician, manufacturing and automated procest technician',
or research and development technician.

Job Competencies

The electromechanical technician is.primarily responsible for providing
-AltiF-4006pftit615-ffifftetitifi--

to specific projects and with normal supervision he should be able
to perform the following tasks:

(1) Maintain machines of production, using electrical, electronic,
mechanical, hydraulic and pneumatic mediums for power and
control

(2) Maintain test equipment and instrumentation assotiated with
the above mediums

(3) Isolate and repair machine ffialfunctions
(4) Isolate and repair test equipment and instrumentation

malfunctions
(5) Calibrate test equiOment and instrumentation

. 22
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(6) Install new equipment and machines°

i

(7 Adjust, interpret, and calibrate relatively complex equipment
(8 Test completed sub-assemblies, isseiblles, and systems
(9 Repair specialized control devices'that electrically or

electronically sense temperature, thickness, color, pressure,
flow rate or-other characteristics of a material or process
and automatically maintain the,continuing manufacture within
Acceptable tolerances

(10) 'Understand engineering language:so that principles originated
by the engineer can be translatedrinto functional products

(11) Operate systems that require an understanding of complex
operational procedures where an underctanding of the desired
results and* their purpose is essential to the quality of
the final product

After additional company training and under normal supervision:

(1) Develop specifications for materials and met!!ods of production
(2) Devise tests to insure operation, reliabili:y. or quality

control of products

i

(3 .Act as liaison tetwerm engineering and production
(4 Install new equipment, instrumentation, and machines
(5 Troubleshoot And repair equipment, Apttrumentation, and

machine malfunctions
(6) Serve as liaison prson for customer-company relations
(7) Conduct experiments and test on new functions where the

principles involved are already understood
(8) Set up, calibrate, and operate instruments in support of

engineers developing new concepts, equipment, processes,
etc.

(9) Fabricate and test breadboards of new or experimental equip-
ment or processes

(10) Support engineers by making drawings,and sketches of
experimental equipment, or processes

InstruMentation Technic-lan

Job Description

Selects, installs, calibrates, checks out and maintains sensing,
telemetering, and recording instrumentation and circuitry. Other
functions include devising, setting up, and operating instrumentation
equipment involved in testing mechanical, structural, or electrical
equipment. May work as an instrumentation technician, engineering
aid or associate, service specialist, laboratory technician, or
tnstrument field service technician.

23
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Job Competencies

Upon successful completion of the instrumentation-curriculum the
student should be employable as an instrumentation technician.
After appropriate orientation to specifid projects and with normal
supervision he should be able to perform the following tasks:

(1) Troubleshoot and align electronic and pneumatic controllers
:(2) Adjust control systems
1(3) Align and calibrate recorders and controllers
(4) Stroke control valves -

(5) Troubleshoot and maintain,control valves
(6) Troubleshoot and maintain test equipment
(7) Check test equipment against accepted standards

.

(8) Interface varius instrumentation systems at different
pressure or current levels

(9) Calibrate and maintain linearity of interfacedisystems
(10) Work with instrumentation engineers and management in_designing

and installing instrumentation equipment and:systems
(11) Prnvide liaison between engineers and operating personnel
(12) Communicate with all levels of plant personnel regarding .

instrumentatiOn of the plant processes
(13) Work with systems in hazardous areas
(14) Make cable and tubing runs and properly orient instrumentation

equipment
(15) Collect and analyze data
(16) 'Write technical reports

24
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CURRICULUM GUIDES/COURSE OUTLINES/EQUIPMENT LISTS

The following sections of the manual include the curriculum guides,
course outlines, and equipment lists for Electronics (1-045), Electrical
(T-044), Electromechanical (1-039), and Instrumentation (1-048) technolo-
gies.

Curriculum guides inciude purpose of the curriculum, career opportuni-
. ties, acknowledgements, suggested seven and six quarter curriculum
schedules and course descriptions.

Course outlines include the course description, instructional objectives,
outline of instruction, and suggested texts and references. They
are organized according to subject matter area as identified in the
contents.

Equipment lists are included for the specialized electronics/electrical
laboratories. These lists are No. 61 Electronics, No. 58 Electrical,
No. 190 Electramechanical, and No. 101 Instrumentation. Other equip-
ment lists supporting these curriculums but not included here betause
of space limitations are No. 52 Drafting and Design, No. 140 Physics-
Technical and No. 141 Physics-Vocational.
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ENGINEERING TECHNOLOGY

ELECTRONICS

INTRODUCTION

Purpose of Curriculum

The Electronics curriculum provides a tasic background in practical
applications of electronics and in ,electronics related theory. Courses
are designed to present content in an order that will prowl& the stu-
dent with progressive levels of Job related skills and knowledge. The
curriculum is designed so that completion should prepare an individual
to work as an assistant to engineers, or as liaison between the engineer
and the skilled craftsman.

Career Opportunities

The electronics technician may start in one or more of-the following
areas: research, design, development, production, maintenance, or
sales. He may begin as an electronics engineering technician, electron-
ics technician, epoineering aide, laboratory technician, supervisor,
or equipment specialist.
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ADDITIONAL INFORMATION
ON THE ELECTRONICS CURRICULUMI

NOTE TOANSTITUTIONS

The Electronics Engineering Technology curriculum has been updated,
modified, and broadened. Institutions adopting this curriculum have
several options not previously structured in the curriculum. These are: 1.
choice of a six (6) or seven (7)'quarter program; 2. choice of curricu-
lum specialties in the last two quarters to meet local industry needs,
institutional capabilities, and the interests of students (an insti-
tution would normally offer onty ome specialty or may offer a general
electronics curriculum by combining specialty courses); 3. opportunities
for more flexible entry and exit levels for students; and 4. lighter
course loads for students in the first quarter to improve retention
of students in the curriculum.

GENERAL CONSIDERATIONS

The Electronics curriculum is designed to be taught at the engineering
technology level. It is structured to provide specific job skills at
several points within the two-year program. Content has been arranged
in the two-year program to provide experiences appropriate for entry
to these jobs. Possible job opportunities corresponding with the
curriculum sequence include: first quarter,electrical tester; second
quarter,electronics tester; fifth quarteroelectronics technician; and
seventh quarter,electronics engineering technician. Course sequences
are generally structured to proceed from a qualitative study of systems-,
to components then to shift to a quantitative study of components and
progress back to systems.

Three courses in math are recommended with two more courses available
as institutional electives. One or both of these elective courses may
be offered if the institution and local industry feel it important for
the student to be exposed to advanced mathematical concepts or if the
number of students expecting .to transfer from the institution to pro-
grams at the baccalaureate technology level is sufficient for a class.

Trio courses in specialized electronics systems are suggested during
the last two quarters. This allows each institution to develop an area
of concentration if it desires. Areas proposed are communications,
computers, and automatic centrol. Other specialized areas might be
developed depending on local needs. The institutions would normally
choose only one area of specialization. Supporting electives are
suggested if the institution wishes to provide students with additional
background in one of the designated specialty areas.



ELECTRONICS CURRICULUM

Electronic Engineering Technician
Electronic Technician.

El ectronic Tester
Electrical Tester ...1

QUARTER

ELECTRICAL

ELECTRONICS

ELECTRONIC
SYSTEMS
(SPECIALIZED)

ELECTIVES

-MTH

ENGLISH,

PHYSICS

SOCIAL SCIENCE

DRAFTING

TOTALS

(ontaci)

1 2 3 4 5 6

,ELC 112 ELC 113 ELC 114
25-0-6-7 3-0- 3-2-0-4'

r ELN 121;ELNI22 ELN 123
e 3-4-0 0-6-7 3-4-0-5

ELN 218. ELN 219 ELN 246
34-0,5 3-4-0-5 0-6,0-3

'ELN 241: ELN(, )ELN('' )
:3-0,6-5 5-4-0-7 -4,0-7.

1

'MAT 101 MAT 102' MAT 1,

ENG 101 ENG.182 ENG:T03,ENG 204
3-0-0-3 3-0-0-3 3-0-0,3.3-04-3

PHY 101-

113

13-0-6 -14-18,-4-6
.116-2-6-15 -.9

11-6,6.
-16

. .

Institution or student may choose an institutional eleciiVe to satisfy
student needs or interests.

Qualifative How it works./APPlied/Conceptual/Overview.
te.id Proceeding generally from a-study Of .ey.tflO ,te components.'
R.czr Quantitative-----Why lt.works./AntlytiCalfliaihematicallDetail
DAN Proceeding,,generally.from.a-stUdy of_componenti..to_syttems.



JOB SKILLS

Students successfully completing specified phases of the program should
be qualified with certain job skills that will enable them to perform
typical tasks associated with a generally recognized job title. Upon
successful completion of the first quarter of the curriculum, the stu-
dent should be employable in positions requiring skill In electrical
testing and inspecting. Some of the possible tasks that may be per-
formed on such a job include:

1. Inspecting and/or replacing wires, cables and connections

2. Verifying calibrations of instruments and meters via working
standards

3. Verifying device control operations

4. Following basic electrical and electromechanical specifications

5. Interpreting wiring diagrams

6. Using basic hand tools and devices common to electrical instal-
lation and testing

7. Recording electrical performance data

8. Reading inspection checklists and work orders to conduct inspec-
tions

9. Testing installed systems to determine conformance to specifi-
cations

10. Demonstrating operating procedures for installed electrical
system(s)

Upon successful completion of the second quarter of the curriculum, the
student should be employable in positions requiring skill in electronics
testing. Possible tasks that may be performed as an electronics tester
(in addition to those of the electrical tester) include:

1. Testing complete electronics systems in terms of input/output
specifications using electronics testing equipment

2. Recording and plotting test ciata in terms of conformance to
test specifications

3. Calibrating systems to obtain specific characteristics

4. Isolating system malfunctions which can be corrected by replace-
ment of modules or plug-in assemblies or units

5. Demonstrating operating procedures for installed electronic
system(s)

T-045 5 3/76
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6. Using basic hand tools and devices common to electronics instal-
lation and testing

7. Using installation wiring diagrams to insure proper operation

Upon successful completion of the fifth quarter of the curriculum, the
student should be employable in positions requiring skill as an electron-
ics technician. The electronics technician is primarily responsible for
the troubleshooting and repair of electronic apparatus and is capable
of performing the following tasks in addition to those of the electronics
tester:

1. Testing and repairing modules and subassemblies which are a
part of a system

2. Assembling electronic apparatus using blueprints and assembly
procedures

3. Selecting and using appropriate electronic test equipment
and procedures commensurate to the task

4. Interpreting schematic diagrams for troubleshooting of electron-
ics apparatus

5. Calibrating and aligning electronic test equipment to specifi-
cations

6. Organizing and maintaining technical literature pertinent to
troubleshooting and servicing electronic equipment

Upon successful completion of the entire curriculum, the student should
be employable as an electronics engineering technician. The electronics
engineering technician is primarily responsible for providing techntcal
assistance to the engineer. After appropriate orientation to specific
projects,and with normal supervision, he should be able to perform the
following tasks in addition to those identified for the electronics
technician:

1. Verifying engineering designs

2. Collecting and analyzing data

3. Assembling and testing prototype units

4. Modifying current designs

5. Writing technical reports

6. Providing liaison between the engineer and other departments

7. Serving as customer contact for the purposes of sales and service

T-045 6 3/76
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ENGINEERING TECHNOLOGY

Electronics

SUGGESTED SEVEN QUARTER CURRICULUM

Course Title Hourt Per Week Quarter
Hours

FIRST QUARTER Class Lab. Credit
T,ENG 101 Grammar -a- .-73-7'-
T-MAT 101 Technical Mathematics 5 0 5
T-ELC 112 Electrical Fundamentals I 5 6 7

Tr lr- Tr
wimiwww.s

SECOND QUARTER
T-ENG 102 Composition 3 0 3
T-MAT 102 Technical Mathematics 5 0 5
T-ELC 113 Electrical Fundamentals II 3 6 5
T-ELN 121 Electronics I 3 4 5

Tr Ttr "lir

THIRD QUARTER
T-ENG 103 Report Writing 3 0 3
T-MAT 103 Technical Mathematics 5 0 5
T-ELC 114 Electrical Fundamentals III 3 2 4
T-ELN 122 Electronics II 5 6 7lr 111-- PT

FOURTH QUARTER
Y-ENG 204 Oral Communication 3 0 3 ;
T-PHY 101 Physics: Properties of Matter 3 2 4
T-DFT 113 Electronic Drafting 2 6 4
T-ELN 123 Electronics III 3 4 5

11- Tir ir



FIFTH QUARTER

Hours Per Week Quarter
Hours
Credit
-13----

4

5

5

T7-

ClassM
3

3

3

Tr

Lab.
-11-
2

6

4Tr

Social Science Elective*
1=15117 TrE Physics: Work, Energy, Power
T-ELN 241 Electronic Systems I
T-ELN 218 Pulse, Logic & Digital Circuits

SIXTH QUARTER

Social Science Elective* 3 0 3
715IIT TN Physics: Light & Sound 3 2 4
T-ELN Electronic Systems II: (Special- 5 4 7

ized Elective)
T-ELN 219 Digital Fundamentals 3 4 5

Tir

SEVENTH QUARTER
T-ELN 246 ETectronics Design Project 0 6 3
T-ELN Electronic Systems III: 5 4 7.

(Specialized Elective)
Elective . 4

Total Quarter Hours in Courses
Elective's,

Total

Refer to electives suggested in this guide.



ENGINEERING TECHNOLOGY

(ALTERNATE LENGTH CURRICULUM)

Electronics

SUGGESTED SIX QUARTER CURRICULUM

Course Title Hours Per Week Quarter
Hours

FIRST QUARTER Class Lab. Credit
-1--- -IT- -3---T-ENG 101 Grammar

T-MAT 101 Technical Mathematics 5 0 5

T-DFT 113 -Electronic Drafting 2 6 4

T-ELC 112 Electrical Fundamentals I 5 6 7

Tr Tr Tg-

SECOND QUARTER
T-ENG 102 Composition 3 0 3

T-MAT 102 Technical Mathematics 5 0 5

T-ELC 113 Electrical Fundamentals II 3 6 5

T-ELN 121. Electronics I 3 4 5

Tr W Tr

THIRD QUARTER
T-ENG 103 Report Writing
T-MAT 103 Technical Mathematics
T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics II ,

3 0 3
5 0 .c,,t 5

3 2 4

5 6 7

FOURTH QUARTER
T-ENG 204 Oral Communication 3 0 3

T-PHY 101 Physics: Properties of Matter 3 2 4

T-ELN 241 Electronic Systems I 3 6 5

T-ELN 123 Electronics III 3

Tr
4Tr 5

TT
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SIXTH QUARTER
Social Science Elective* 3 o 3

T-PHY 104 Physics: Light & Sound 3 2 4
T-ELN 219 Digital Fundameatals 3 4 5
T-ELN 246 Electronics Design Project o 6 3

Elective 1

-g- Tr T6r-

3 o 3

T-PHY 104 Physics: Light & Sound 3 2 4
T-ELN 219 Digital Fundameatals 3 4 5
T-ELN 246 Electronics Design Project o 6 3

Elective 1

-g- Tr T6r-

Total Quarter Hours in Courses 100
Electives 8

Total

*Refer to electives suggested in this guide.

Total Quarter Hours in Courses 100
Electives 8

Total

36

*Refer to electives suggested in this guide.

T-045 10 3/76
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ENGINEERING TECHNOLOGY

'ELECTRONICS

COURSE DESCRIPTIONS_BY QUARTERS

Mutt *Per 'Week %Arbil'
*MPS

FIRST QUARTER Class Lab.' *Credit
T-ENG 101 Gramar 3 0 3Designed to aid the student in the improvement of self-expressionthrough writing. Emphasis is on grammar; diction, sentence.,:structures
punctuation, and spelling. It i s intended*to stimulatestidents,in
applying the basic principles of English.granevir in their .day4o,day
situations in industry and social life.
Prerequi si te: None.

T-MAT 101 TechniCal Mathematics 5 0: 5
The real number systems is developed as an extension of natUral numbers.Number systems of various bases are introduced. FundamentAl . algebraicoperations:, the rectangular coordinate system, as well as;fUndamental
trigonometric conCepts and operations are introduced. The Applicationof these principles to practical problems is stressed.

,Prerequisite: Satisfactory evidence that admission requirements have

T-ELC 112 Electrical fundamentals I 5 6 7if qualitative study a units of measurement, electrical qUAfitities,simple circuits, electromotive forces, current, power,:lawt;. basic
electrical instruments and measureMents, resistance.i.lingledahce*:and.basiccircuit components.. Concepts taught are generally limitedf,.40..:fqnda-
mentals with Very little emphasis plated on quantitative, ASPeOts.- Labor-atory work ',Will teach the proper use and care'of. basiC JittecrtodlS 'and
the basic manual skills:-Used in working with -electricityi...*Asurement
techniques and safety practices will be stressed throughout.::
Prerequisite: None.'

SECOND QUARTER

T-'-ENG 102 Composition 3 6, 3
English composition *is designed to aid the student in impreVement of
self-expression by means of practical application in butiness and
technical. writing. EmPhasis is on writing.'sentences, paragraphs.
and compositions. -Prerequitite: T-ENG 101.

.

T44AT. lechniCal .14athatitics 5 0 5
A continuatioe-xit'.TMAT:1_01.: .-Advanced-alLabraic and trigonOtetric. "topies:. quachiatits, logari tip*. tem.! nants progrestions,
the Iiintiiiihat eXPantien,.--CoMPlexlmmibers, .solutiOn '.of' °brit*. triangles

.#1,0000inetri c -functions are ,LttOdied -
requisiter, T-MAT 1Q1.

_
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T-ELC 113 Electrical Fundamentals II 3 6 5

Additional electrical concepts and circuit analysis procedures as applied
to more complex two terminal and simple two port networks are introduced.
Laboratory work will include additional measurement techniques with
emphasis on verification of theoretical concepts.
Prerequisites: T-ELC 112 (or equivalent), T-MAT 101.

T-ELN 121 Electronics I 3 4 5

Presents qualitative electronics concepts beginning with systems and
networks and proceeding to devices. Typical networks such as power
supplies, amplifiers, oscillators, and feedback circuits are introduced.
Solid state devices and vacuum tubes are introduced as idealized devices.
Experience is provided in basic troubleshooting techniques. Instruments
are introduced as needed for simple testing and measurements.
Corequisite: T-ELC 113.

THIRD QUARTER

T-ENG 103 Report Writing 3 0 3

The fundamentals of English are utilized as a background for the organi-
zation and techniques of modern report writing. Exercises in developing
typical reports, using writing techniques and graphic devices are
completed by the students. Practical application in the preparation of
a full-length report is required of each student at the end of the
term. The report must relate to the student's spedifid curriculum.
Prerequisite: T-ENG 102.

T-MAT 103 Technical Mathematics 5 0 5
The fundamental concepts of analytical geometry, differential and
integral calculus are introduced. Topics included are graphing techniques,
geometric and algebraic interpretation of the derivative, differentials,
rate of change, the integral and basic integration techniques. Appli-
cations of these concepts to practical situations are stressed.
Prerequisite: T-MAT 102.

T-ELC 114 Electrical Fundamentals III 3 2 4
circuit applied to two port passive

networks are introduced with emphasis on analysis and mathematical
computations. Laboratory experiences are used to support analysis
activities.
Prerequisites: T-ELC 113, T-MAT 102.

T-ELN 122 Electronics II 5 6 7
A quantitive study beginning with active control devices and proceeding
to networks. A variety of equivalent circuit models are used to evaluate
device and system parameters and predict circuit performance. Instru-
ments are used in the laboratory to collect data, verify math predictions,
and troubleshoot.
Prerequisite: T-ELN 121.

38
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FOURTH QUARTER

T-ENG 204 Oral Communication 3 0 3

The principles, techniques, and practical applications of communicating
the thoughts and personality through the voice and visible action of
the individual to one or more persons for the purpose of achieving
a previously determined response. Areas covered vary according to
class needs, but, in general, include: basic concepts, nonverbal
and verbal language, vocal usage, speech preparation (analyzing audience
and occasion, determining purpose, selecting and narrowing subject,
gathering and organizing material, wording, and practicing aloud),
and effective listening.
Prerequisite: None.

T-PHY 101 Physics: PropeTties of Matter 3 2 4

A fundamental course covering several basic principles of physics.
The divisions included are solids and their characteristics, liquids
at rest and in motion, gas laws and applications. Laboratory experi-
ments and specialized problems dealing with these topics are part of
this course.
Prerequisite: None.

T-DFT 113 Electronic brafting. 2 6

The fundamental.% o? drafting are presented with an emphasis on applica-
tions in the electronics field. Basic skills and techniques are
included such hs the use of drafting instruments, types of drawings,
construction :1 drawings both with instruments and freehand, lettering
and dimensioning, wid how to read prints. In addition to basic skills,
specialized experience will be included which directly relates to the
electronics industry, such as types of drawings common to electronics,
special symbols used, schematic diagrams, and layout diagrams with
an emphasi: .; drinted circuit work.
Prerequisite: None.

T-ELN 123 Electronics III 3 4 5

Continues the study of active networks. Emphasis is on the analysis
and design of both networks and active circuits. In addition fundamen-
tals, design techniques, and typical applications of linear integrated
circuits are introduced.
Prerequisites: T-ELN 122, T-MAT 103.

FIFTH QUARTER

T-PHY 102 Physics: Work, Energy, Power 3 2 4

Major areas covered in this course are work, energy, and power. Instruc-
tion includes such topics as statics, forces, center of gravity and
dynamics. Units of measurement and their applications are a vital part
of this course. A practical approach is used in teaching students the
use of essential mathematical formulas.
Prerequisites: T-MAT 101, T-PHY 101.

T-ELN 241 Electronic Systems I 3 6 5

A general survey of electronic systems with emphasis on their description
in block diagram format. Systems to be studied are those used in
communications, computing, measurement, automatic control, and others
of a specialized nature as appropriate.
Prerequisite: T-ELN 123.
T 1J5
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T-ELN 218 Pulse; Logic and Digital Cir- 3 4 5
cuits

Emphasizes the ittcii of wave shaping and'non-sinusoidal wave generating
circuits using discrete and integrated components. Wave shaping topics
include simple passive wave shaping circuits and more complicated
wave shaping circuits using active devices. Topics covered under non-
sinusoidal wave generating circuits include multivibrators, sweep
generators, and other types of special purpose circuits using discrete
and integrated components. An introduction to Boolean algebra and its
applications for the simplification of logic circuits is also included.
Prerequisite: T-ELN 123.

SIXTH QUARTER

T-PHY 104 Physics: Light & Sound
A survey of the concepts involving wave motion
sound, its generation, transmission and detecti
wave motion also serve as an introduction to a
nation and the principles involved in optical i
is stressed throughout.
Prerequisites: T-MAT 101, T-PHY 101.

T-ELN 242 247 249
Options:
Control

(Ch6ose appropriate

3 2 4
leads to a study of
on. The principles of
study of light, illumi-
nstruments. Application

Electronic S stems II: 5 4 7
ommun cations, omputers, or (34 Automatic

title and course description from elective section.)

T-ELN 219 Digital Fundamentals 3 4 5
Emphasizes the study of combinational and sequential logic circuits
using discrete and integrated components. Topics include: binary
arithmetic, numbering systems, Boolean algebra, storing, timing, gating,
and counting. Typical applications in industry will be presented.
Prerequisite: T-ELN 123.

SEVENTH QUARTER

T-ELN 246 Electronics Design Project 0 6 3
A-1-5&atory class emphasing independent research and design work by
the student. The student will select a project in consultation with
the instructor; perform the required research; compile data; formulate
a theoretical model; and construct, test, and evaluate a working model
of the selected project.
Prerequisite: T-ELN 241.

T-ELN (243/248/250) Electronic. Systems III: 5 4 . 7
--Or(ptons:oiT)Th"CiTMlrrrrnuncatons,omputers, or (3) Automatic

Control

(Choose appropriate title and course description from elective section.)

40
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ELECTIVES

The following is a list of electives for this curriculum from which the
institution may select courses to complete the program of study. The
institution has the prerogative to develop new courses for the electives
or modify courses from the suggested list to fulfill local objectives.
It is suggested, however, that technical courses be related to the
ma or area of stud . The . It. f 1.

or op oc yes program nor create a f lse impression of pro-
ficiency in an area either related or foreign to the major.

Elective courses selected must be associate degree courses or new courses
should be developed at a comparable level. The institution may elect
to require certain electives or may let the student select an appropriate
elective.

ELECTRONICS

T-ELN 242 Electronic 6vsteme II: 5 4 7
Communications

Introduction to fundamental aspects of electronic communication systems
with special emphasis on need for modulation, types of modulation,
frequency :pectra and bandwidth requirements. Qualitative study of
the principles of AM, SSB, and FM including the generation and
detection of signals and their frequency spectra. Transmission and
propagaticn of radio signals will be studied.
Prerequisite: T-ELN 241.

T-ELN 243 Electrimic Systems III: 5 4 7

Communications
Study of specialized electronic communication systems such as TV,
microwave, radar, and optical communication systems. Discussion of
sampling and pulse systems including techniques of multiplexing such
as PAM, PON, PCM, and PPM.
Prerequisite: T-ELN 242.

T-ELN 247 II:

uters
The course cons sts of a functional block
of digital computer systems. Emphasis is
computer variety currently being used in i
practice in manipulating the hardware and
such computers.
Prerequisite: T-ELN 241.
Corequisite: T-ELN 217.

T-ELN 248 Electron4c Systems III: 5 4 7

COmputers

This course deals with the detailed theory of the computer systems pre-

T-045 15 3/76
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diagram analysis of a number
placed on the mini/micro
ndustry. The lab will provide
software associated with
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viously covered followed by troubleshooting and maintenance procedures.
The lab consists of digital measurements in support of operation theory
followed by actual troubleshooting practice, dealing with systems
analysis and diagnostic procedures.
Prerequisite: T-ELN 247.

T-ELN 249 Electronic Systems II: 5 4 7

Automatic Control
Automatic coRWIT concAgs:Ecluding calibration, measuraasat And
standards are introduced. Laboratory exercises are provided on simulated
or generalized measurement and control systems that include indicators,
recorders, and controllers. Emphasis is placed on process or system
stability using various types of controllers. Final control elemnts
and their characteristics are studied. Graphical analyses and solutions
of process control systems are included.
Prerequisite: T-ELN 241.

T-ELN 250 Electronic Systems III: 5 4 7

Automatic Control
A study of automatic control theory and processes including the character-
istics and mathematical models of linear systems. Practice is provided
in specifying and selecting process or automatic control parameters
and equipment. Electronic and mechanical controls are introduced as
well as the use of the minicomputer in the control loop. Practical analysis
and evaluation on actual or simulated processes or systems is covered in
the laboratory.
Prerequisite: T-ELN 249.

SUPPORTING TECHNICAL ELECTIVES

T-MAT 201 Technical Mathematics 5 0 5
A continuation of T-MAT 103. More advanced concepts of differentiation
and integration are considered. Included are graphs and derivatives
of the trigonometric functions, exponential and logarithmic differenti-
ation and integration, advanced integration techniques, polar equations,
parametric equations and Fourier series.
Prerequisite: T-MAT 103.

T-ELN 225 Transmission and Propagation 3 0 3
An introduction to the electromagnetic radiation, principles of
antenna, radiation patterns and field strength. The characteristics
and use of transmission lines in radio frequency application. Factors
involved in propagation, ground waves, relections, sky waves, atmospheric
effects, ionosphere, fading, noise, static, wire radiators, directive
gain, effect of ground, impedence, antenna systems and arrays.
Prerequisite: T-ELN 105.
.Corequisite: T-ELN 205.

T-ELN 227 UHF and Microwave Systems 5 4 7
A study of UHF and VHF components, circuits, and measurement techniques.
The use of distributed constant elements, waveguides and coaxial cables,
microwave links, high frequency oscillators, magnetrons, klystrons,

1-045 16 3/76
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traveling wave tubes. An introduction to the use of the Smith Chart.
Prerequisite: T-ELN 225.

T-MAT 208 Calculus and Laplace Transforms 5 0 5

for Electronics
An investigation of the methods of calculus which are the most direct
use in the study of electronic circuits. Introduction to selected
to ics from differential e uations and la lace transforms and a..lica-
ions o ese me ods o t e solution o e ec ron c oral." pro. ems.

Prerequisite: T-MAT 201 .

Corequisite: T-ELN 218 or T-ELN 214.

T-ELN 233 F.C.C. First and Second Class 4 0 4

License
To provide akiiWidge of transmitter electronics to the level required
of an examinee for the F.C.C. Radiotelephone Operator 1st and 2nd Class
License.
Prerequisite: Instructor's approval.

T-EGR 106 Fortran with Engineering 3 0 3

AppliCations
Deals with the method in which computers are used to solve engineering
problems. A scientific programming language (FORTRAN) is used to
solve practical examples of engineering problems.
Prerequisite: Instructor's approval.

T-ELN 240 Digital Computers 3 0 3

An exploration into the methodology of counting and computing. Various

computer techniques will be investigated including: non-sinusodial
waveforms, binary and decade counters, industrial counters, readout
devices, logic circuits, arithmetic circuits, storage devices, input-
output devices, computer control, analog and digital converters.
Prerequisite: T-ELN 218 or T-ELN 214.

T-MEC 110 Fundamental Mechanisms 2 4 4

A study of the purpose and actions of cams, cables, gear trains, differ-
entials, screws, belts, pulleys, shafts, levers, and other mechanical
devices used to transmit or control signals.
Prerequisite: T-PHY 102.

T-ELN 235 Industrial Instrumentation 4 6 7

Broad introduction to use of industrial electromechanical and elect
circuits and equipment. Provides an understanding of the Methods,
techniques, and skills required for installation, service and operation
of a variety of industrial control systems. Analysis of sensing devices
for detecting changes in pressure, temperature, humidity, sound, light,
electricity, the associated circuitry and indicating and recording
devices.

Prerequisites: T-ELN 205, T-PHY 104.

T-MEC 235 Hydraulics and Pneumatics 3 3 4

The-basic theories of hydraulic and pneumatic systems. Combinations
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of systems in various circuits. Basic designs and functions of circuitsand motors, controls,
electrohydraulic servomechanisms, plumbing, filtra-

tion, accumulators and reservoirs.
Prerequisite: T-PHY 102.

T-PHY 231 Fluid Mechanics 3 0 3fraidliintal laws of fluid flow and applications of these laws to thesizing of hot and cdld water piping, steam piping, refrigerant piping,air ducts, pumps, and fans. Particular emphasis will be directed tocalculation$
-----------fans; to comparison of the several methods of piping and'air ductsizing; and to methods of fluid flow measurement.

Prerequisites: T-MAT 103, T-PHY 102.

T-MEC 240 Measuring Principles 1 3 2A study of the more common sensing elements and components which aregenerally classified as mechanical instruments. The devices studiedare those which are employed for measurement of temperature, pressure,flow and related.phenomena. Emphasis is placed upon the few basicprinciples which are used in a wide variety of instruments availablefor process control:
Prerequisites: T-MAT 103, T-PHY 101.

1. IIIf .6

T-PHY 209 Thermodynamics 3 0 3A basic course to familiarize the student with the principles of thermo-dynamics. Topics include heat, temperature, work and the first andsecond laws of thermodynamics, with basic applications. Gases, vaporcycles, combustion and the internal combustion engine are studied.Corequisite: T-PHY 102.

T-MAT 225 Numerical Analysis 5 0 5A development of the ma4hematical principles upon which many computingmethods are based. Topits introduced include theory of errors, numericalintegration and differentiation, summation procedures, numerical solutionof equations, and approximations of various types.
Prerequisite: T-MAT 201.

T-ELN 208 Industrial Electronics 5 3 6Electronics as applied to a production system, rectification; electroni-cally controlled rectifiers, serVomechanisms, motors; magnetic amplifiers;ultrasonic cleaning; and variable strobe light.
Prerequisite: T-ELN 121 or T-ELN 105.

T-EGR 105 Computer Techniques 3 2 4Fundamental concepts and operational principles of the computer areintroduced. Various computer subsystems will be investigated includinginput-output devices, arithmetic units, storage systems, and computercontrol. Typical applications in industry will be presented.Prerequisite: None.

T-E0 230 Televition Systems 4 6 7A study of the principles of television including the television system,camera tubes, scanning and synthronization, composite video signal,
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receiver circuits, transmitting equipment, color television and closed-
loop systems.

.

Corequisite: T-ELN 218, T-ELN 214.

T-ELN 236 Color Television 5 6 7
Principles of colorimetry and the physics of color as they relate to
the NTSC Standard Color Television System are introduced. The color
camera, chrominance section, matrixing sections and synchronization

circuits are studied from schematics. Specialized color testing and
alignment equipment are studied and used in the laboratory.
Prerequisite: T-ELN 230.

T-ELN 226 Control Systems Analysis 3 6 5
A study of the response of systems to instrument control based upon
consideration of the systems components. Negative and positive
feedback along with the implications of closed-loop control are covered.
Sequence of operation to include ladder diagrams and interlocks, logic
diagrams, and relay circuits.
Prerequisite: T-ELN 101.

T-CHM 104 Industrial Chemistry 3 3 4
Study of fundamental principles of chemistry including structures,
chemical bonding, the periodic system, chemical reactions, and
solution chemistry. De.lriptive chemistry illustrating various indus-
trial applications. Deslgned to develop a background for further
studies in metallurgy and other engineering materials.
Prerequisite: None.

T-ELC 210 Rotating Devices 2 2 3
Introduction to electrical machinery. AC and DC motor and generator
principles, synchros and servomechanisms, alternators and dynamotors,
Ward-Leonard and amplidyne control systems will be analyzed. A general
knowledge of the theory, operation, and maintenance of these devices
and systems will be stressed.
Prerequisites: T-ELC 114 or T-ELC 102, T-PHY 102.

T-ELN 244 Feedback Control Systems 3 2 4
An introduction to the theory and application of feedback control
principles, including the characteristics of linear feedback
systems, transfer functions, open and closed-loop networks, first and
second order damping circuits, complex-plane analysis, the root locus,
flow diagrams, gain-phase relationships, and systems design utilizing
Bode and Nichols charts.
Prerequisites: T-ELN 122, T-MAT 102.

T-MAT 211 Basic Statistics 3 0 3
introduction to basic concepts of statistics including point and

interval estimates; Chi-square; freqdency distribution; ratios, rates
and percentages. Normal distribution, mean and standard deviation,
interval estimates, t-distribution, and coefficient of variation
are covered.
Prerequisite: None.
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SOCIAL SCIENCE ELECTIVES

T-SSC 201 Social Science 3 0 3
An integrated course in the social scienies drawing from the fields
of anthropology, psychology, history, and sociology.
Prerequisite: None.

T-SSC 202 Social Science
A further study of social sciences with em

an soc a pro ems as t ey relate to the individual.
Prerequisite: T-SSC 201.

T-PSY 206 Applied Psycholop 3 0 3
A study of the principles of psychology that will be of assistance
in the understanding of inter-personal relations on the job. Motiva-
tion, feelings, and emotions are considered with particular reference
to on-the-job problems. Other topics investigated are: employee
selection, supervisionpjOb_satisfaction, and industrial-confiicts,.,
Attentioq is also given-to personal and group dynamics so that the
student"may learn to apply the principles of mental hygiene to his
adjustment problems as a worker and a member of the general community.
Prerequisite: None.

T-SSC 205 American Institutions 3 0 3
A study of thi effect of American social, economic, and political
institutions upon the individual as a citizen and as a worker. The
course dwells upon current local, national, and global problems viewed
in the light of our political and economic heritage
Prerequisite: None.

T-POL 201 United States Government 3 0 3
A study of government with emphasis on basic concepts, structure, powers,
procedures And problems.
Prerequisite: None;

T-SOC 207 Rural Society
. 3 0 , 3

A study of selected elements of rural sociology with emphasis on
current social changes. The course provides a sociologital background
for the understanding of rural social changes. Areas of study include
rural culture, group relationships, social classes, rural and suburban
communities, farm organizations, the communication of agricultural
technology, rural social problems, agricultural adjustment and popu-
lation change.
Prerequisite: None.

3 0
Offfl

3

T-ECO 108 ConsuMer'ECOnomics 3 0 3
Designed to help the'student use his resources of time, energy, and
money to get the most out of life. It gives the student an opportunity
to build useful skills in buying, ymnaging his finances, increasing his
resources, and to understand better the economy in which he lives.
Prerequisite: None.
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ENGINEERINGJECHNOLOGY

Purpose of Curriculum

;744, -.:42'.r:,(::',.'0st:t;VT:10

ELECTRICAL

INTRODUCTION.

The Electrical curriculum provides:a basic ,.backgrOund,:iO:priattoil
appl tuitions of el ectriciky: -and in, electriOitYrelat
power, lighting, and control. designed
content .in an order.thatio41,1;tPf9t14.40,0*Irdintwftb pg
level s , Of, Job related

:. skillkaticikooWlidgiklbe curriculumso that completion
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'triftsman. Thr-Prograto instrUCtiOWOO'..turkiA011lietrical
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residential., utility,':and:AndUitrialr',::fields..
,

Career Opportunities

The electrical technician may ,periorm suet' duties '0.:eitt
fication writing, eng:Ineering sales, sOpervfliOn of instal, atiOni,' andelectrical contracting. He may 'wOrk at,,Welictricat
tech-. i i an, engineeri ng aide , laboratory techniC ion, induStrial,,,e1

ectrician, or foreman.
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ENGINEERING TECHNOLOGY

ELECTRICgL

SUGGESTED SEVEN QUARTER CURRICULUM

Course Title

FIRST QUARTER
1-ENG 101 Grammar
T-MAT 101 Technical Mathematics
T-ELC 112 Electrical Fundamentals I

gONALIN11111
T-ENG 102 Compbsition 3 0
T-MAT 102 Technical Mathematics 5 0 5
T-ELC 113 Electrical Fundamentals II 3 6 5
T-ELN 121 Electronics 1 3 4 5

ir Tr ir

Houri ,Per Weekiprter

Class Lab.

Tir7
5

5 6

Tr

THIRD QUARTER
TrtNG 103 Report Writing 3 0 3

. T;MAT 103. Technical Mathematics 5 0 5
T-ELC 114 Electrical Fundamentals III 3 2 4
T-ELN 122 Electronics II 5 6 7inr 7-7 Tr

11=1.1111MEN

fougalgoli
T---ENG-204Ofal Communication 3 0 3
T-PHY 101 Physics: Properties of rgtter 3 2 4
T-OFT 113 Electronic Drafting 6 4
T-ELN 123 Electronics III i 4 5

T7, Tr ilr-
.11101141
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Hours Per, Week arter

FIFTH QUARTER Class-1-
3

3

2

3

Lab.

1T-
2
3

3

3

"Credit
Social Science Elective*

4
4
3

4

T-PHY ilgr Physics: Work, Energy, Power
T-ELC 211 Electrical Machines I
T-ELC 221 Electromagnetic Controls
T-ELC 204 Electrical Circuits

SIXTH QUARTER
Social Science Elective* 3 0 3

1715117 TOT Physics: Light 6 Sound 3 2 4
T-ELC 212 Electrical Machines II 3 3 4
T-ELC 222 Solid State Controls 3 3 4

Elective 2

Tr" --i- Tr

SEVENTH QUARTER
T-ELN 237 Industrial Instrumentation 3
T-ILC 235, Planning Electrical Installations 3

Elective

Total Quarter Hours in Courset
Electives

Total

*Refer to electives suggested in this guide.
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ENGINEERING TECHNOLOGY

(ALTERNATE LENGTH cURRICULUM)

ELECTRICAL

SUGGESTED SIX QUARTER CURRICULUM

Course Tit .6 zrWeek---Quepter---
Hours

FIRST QUARTER Class Lab. Credit
T-ENG 101 Grammar 3 3T-MAT 101 Technical Mathematics 5 5T-DFT 113 Electronic Drafting 2 6 4
T-ELC 112 Electrical Fundamentals I 5 6 7

Tr- Tr

SECOND QUARTER
T-ENG 102 Composition 3 0 3T-MAT 102 Technical Mathematics , 5 0 5T-ELC 113 Electrical Fundamentals II 3 6 5T-ELN 121 Electronics I 3 4 5Tr Tr

THIRD QUARTER
T-ENG 103 Report Writing 3 0 3T-MAT 103 Technical Mathematics 5 0 5
T-ELC 114 Electrical Fundamentals III 3 2 4T-ELN 122 Electronics II 5 6 7lir -8- 19

FOURTH QUARTER
T-ENG 204 Oral Communication
T-PHY 101 Physics: Properties of Matter
T-ELC 211 Electrical Machines I
T-ELN 123 Electronics III

T-044
5

3 0 3
3 2 4
3 3 4
3

T2-
4 5
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RISOMMOSSAsiuMmonsimmorc--1--...

Hours Per Week Quarter
Hours

FIFTH QUARTER Class Lab. Credit
Social Science Elective*

T=FFIT TUE Physics: Work, Energy, Power 3 2 4
T-ELC 204 Electrical Circuits 3 3 4
T-ELC 221 Electromagnetic Controls 2 3 3
T-ELC 212 Electrical Machines II 3 3 4

----Tr-----Tr-------TC------NymomM

SIXTH QUARTER

Social Science Elective*
T-ELC 222 Solid State Controls
T-ELN 237 Industrial Instrumentation
T-ELC 235 Planning Electrical Installations

Elective

3 0 3
3 3 4
3 3 4
3 6 5

1

Tr T T r

Total Quarter Hours in Courses 107
Electives 1

Total Tor

*Refer to electives suggested in this guide.

t 5 2
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ENGINEERING TECHNOLOGY

ELECTRICAL

COURSE DESCRIPTIONS BY QUARTERS

B2mmegaggk Quarter
HoursFIRST QUARTER

T-ENG 101 Grammar
3 0 3Designed to aid the student in the improvement of self-expressionthrough writing. Emphasis is oh grammar, diction, sentence structure,punctuatibind Spelling. It is intended to stimulate students inapplying the basic principleS-of English grammar in their day-to-daysituations in industry and social life.

Prerequisite: None.

T-MAT 101 Technical Mathematics 5 0 5The real number systems is developed as an extension of natural numbers.Number systems of various bases are introduced. Fundamental algebraicoperations, the rectangular coordinate system, as well as fundamentaltrigonometric concepts and operations are introduced. The applicationof these principles to practical problems is stressed.
Prerequisite: Satisfactory evidence that admission requirements havebeen met.

T-ELC 112 Electrical Fundamentals I 5 6 7A qualftative study of units of measurement, electrical quantities,simple circuits, electromotive forces, current, power, laws, basic
electrical instruments and measurements, resistance, impedance andbasic circuit components Concepts taught are generally limited tofundamentals with very little emphasis placed on quantitative aspects.Laboratory work will teach the proper use and care of basic hand toolsand the basic manual skills used in worxing with electricity. Measure-ment techniques and safety practices will be stressed throughout.Prerequisite: None.

SECOND QUARTER

T-ENG 102 Com osition
3 0 3English composition Iidesigned to aid the student in improvement ofself-expression by means of practical application in business andtechnical writing. Emphasis is on writing sentences, paragraphsand compositions.

Prerequisite: T-ENG 101.

T-MAT 102 Technical Mathematics 5 0 5A continuation of T-MAT 101. Advanced algebraic and trigoOmmetrictopics including quadratics, logarithms, determinants, progressions,the binominal expansion, complex numbers, solution of oblique triangles,andrgraphs of the trigonometric functions are studied in depth.Prerequisite: T-MAT 101.
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T-ELC 113 Electrical Fundamentals II 3 6 5

Additional electrical concepts and circuit analysis procedures as applied
to more complex two terminal and simple two port networks are introduced.
Laboratory work will include additional measurement techniques with
emphasis on verification of theoretical concepts.
Prerequisites: T-ELC 112 (or equivalent); T-MAT 101.

TELN 121 Electronics I 3 4 5

Presents qualitative electronics concept; b,(!,nning with systems and
networks and procedalWaWicr-esiffell networTrial-if-paRT--
supplies, amplifiers, oscillators, and feedback circuits art introduced.
Solid state devices and vacuum tubes are introduced as idealized devices.
Experience is provided in basic troubleshooting techniques. Instruments
are introduced as needed for simple testing and measurements.
Corequisite: T-ELC 113.

THIRD QUARTER

T-ENG 103 Report Writing 3 0 3

The fundamentals of English are utilized as a background for the organi-
zation and techniques of modern report writing. Exercises in developing
typical reports, using writing techniques and graphic devices are
completed by the students". Practical application in the preparation
of a full-length report is required of each student at the end of the
term. The report must relate to the student's specific curriculum.
Prerequisite: T-ENG 102.

T-MAT 103 Technical Mathematics 5 0 5

The fundamental concepts of analytical geometry, differential and
integral calculus are introduced. Topics included are graphing
techniques, geometric and algebraic interpretation of the derivative,
differentials, rate of change, the intergral and basic integration
techniques. Applications of these concepts to practical situations
are stressed.
Prerequisite: T-MAT 102.

T-ELC 114 Electrical Fundamentals III 3 2 4

Advanced circuit analysis tec n ques as applied to two port passive
networks are introduced with emphasis on analysis and mathematical
computations. Laboratory experiences are used to support analysis
activities.
Prerequisites: T-ELC 113, T-MAT 102.

T-ELN 122 Electronics II 5 6 7

A quantitive study beginning with'active control devices and proceeding
to networks. A variety of equivalent circuit models are used to
evaluate device and system parameters and predict circuit performance.
Instruments are used in the laboratory to collect data, verify math
predictions, and troubleshoot.
Prerequisite: T-ELN 121.

T-044
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FOURTH QUARTER

T-ENG 204 Oral Communication 3 0 3
Ihe principles, techniques, and practical applications of communicating
the thoughts and personality through the voice and visible action of
the individual to one or more persons for the purpose of achieving
a previously determined response. Areas covered vary according to
class needs, but, in general, include: basic concepts, nonverbal
and verbal language, vocal usage, speech preparation (analyzing
audience and occasion,.determirring_purpoSe, Selecting and narrowing . -

subject, gathering and organizing material, wording; and practicing
aloud), and effective listening.
Prerequisite: None.

T-PHY 101 Physics: Properties of Matter 3 2 4
A fundamental course covering several basic principles of physics.
The divisions included are solids and their characteristics, liquids
at mt and in motioh, gis laws and applications. LaboratorY experi-
ments and specialized problems dealing with these topics are part of
this course.
Prerequisite: None.

T-DFT 113 Electronic Drafting 2 6 4
WeEliaamentals of drafting are presented with an emphasis on applica-
tions in the electronics field. Basic skills and techniques are
included such as the use of drafting instruments, types of drawings,
construction of drawings both with instruments and freehand, lettering
and dimensioning, and how to read prints. In addition to basic skills,
specialized experience will be included which directly relates to the
electronics industry, such as types of drawings common to electronics,
special symbols used, schematic diagrams, and layout diagrams with
an emphasis on printed circuit work.
Prerequisite: None.

T-ELN 123 Electronics III 3 4 5
Continues the study of active networks. Emphasis is on the analysis
and design of both networks and active circuits. In addition, fundamen-
tals, design techniques, and typical applications of linear integrated
circuits are introduced.
Prerequisites: T-ELN 122, T-MAT 103.

FIFTH QUARTER

T-PHY 102 Physics: Work, Energy, Power 3 2 4
Major areas covered in this course are work, energy, and power. Instruc-
tion includes such topics as statics, forces, center of gravity and
dynamics. Units of measurement and their applications are a vital part
of this course. A practical approach is used in teaching students the
use of essential mathematical formulas.
Prerequisites: T-MAT 101, T-PHY 101.

T-044
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T-ELC 211 Electrical Machines I 3 3 4

Principles, construction, characteristics, applications and control of
direct current generators and motors. Advanced alternating current
circuit analysis in polyphase systems is covered. Includes a survey
of induction motors, transformers, alternators, and generators.
Experience provided in specifying and wiring machines.
Prerequisite: T-ELC 114.

T-ELC 204 Electrical Circuits 3 3 4
Advanced alternating current circuit analysis, network equations and
theorems, polyphase circuits, balanced and unbalanced three-phase
circuits, polyphase rectifiers and measuring power in polyphase systems
are covered.
Prerequisite: T-ELC 114.

T-EllEle...icConctromaittroll 2 3 3

stuab(Wamtrcii- con*It4nts 0-iChematic motor control wiring
diagrams. -Motor starters, master controllers, protective devices,
rotating and magnetic amplifiers lnd regulators are introduced.
Prerequisite: T-ELC 114.

SIXTH QUARTER

T-PHY 104 Physics: Light & Sound 3 2 4
A survey of the concepts involving wave motion leads to a study of
sound, its generation, transmission and detection. The principles of
wave motion also serve as an introduction to a study of light, illumi-
nation and the principles involved in optical instruments. Application
is stressed throughout.
Prerequisites: T-MAT 101, T-PHY 101.

T-ELC 212 Electrical Machines II 3 3 4
Principles, construction, operation, application, and control of single-
phase and polyphase power converters, and motors and generators,.special-
4:Ad motors. Single-phase and polyphase transformers, auto transformers
and parallel operation of alternators are covered.
Prerequisite: T-ELC 211.

T-ELC 222 Solid State Controls 3 3 4
-introduction to static switching circuits and controls, Boolean algebra,
static switching applications involving logic components, and design
of control circuits. Dynamic controls-involving solid state devices
such as the transistor, integrated circuit, and digital readout. Mini-
computers and their relationship to the control of machines and manu-
facturing processes will be studied.
Prerequisite: T-ELC 211.

56
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SEVENTH QUARTER

T-ELN 237 Industrial Instrumentation 3 3 4
A study of basic principles and instruments for the measurement and
control of industrial processes. Laboratory experiments in the use
and application of electronic, pneumatic, and hydraulic measurement
devices to measure temperature, pressure, flow, light, and pH.
Prerequisite: T-ELN 122, T-ELC 211.

T-ELC 235 Planning Electrical_ Installations 3 6 5
A familiartzation with the National Electrical Code; the power require-
ments and typical design of industriai and commercial installations.
Design and calculation of illumination and electrical cooling and
heating.

Prerequisite: T-ELC 114.

ELECTIVES

The following is a list of electives for this curriculum from which the
institution may select courses to complete the program of study. The
institution has the prerogative to develop new courses for the electives
or modify courses from the suggested list to fulfill local objectives.
It is suggested, however, that technical courses be related to the
major area of study. These courses should not change or alter the major
objectives of the program nor create a false impression of proficiency
in an area either related or foreign to the major.

. Elective courses selected must be associate degree courses or new courses
should be developed at a comparable level. The institution may elect
to require certain electives or may let the student select an appropriate
elective.

ELECTRICAL

T-ELC 238 Power Distribution 3 3
Design of electrical distribution systems for power, lighting and heating,
including services, switchboards, control and power panels, motor control
centers, unit substations, low and high voltage switchgear and underground
systems.

Prerequisites: T-ELC 211, T-ELC 221.

T-ELC 245 Illumination 2 3 3Study of illumination principles, light sources, luminaries, illumina-
tion levels, interior lighting layouts, store and office lighting,industrial and architectural lighting, and roadway and floodlightingdesign. .

Prerequisite: T-ELC 114.

T-044
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T-ELN 208 Industrial Electronics 5 3 6

Electronics as applied to a production system; rectification; electroni-
cally controlled rectifiers, servomechanisms, and motors; magnetic
amplifiers; ultrasonic cleaning; and variable strobe light.
Prerequisites: T-ELN 121 or T-ELN 105.

T-ELC 124 Commercial Wiring and Distribution 3 6 5

Layout, planning and installation of wiring systems in commercial and
industrial buildings. Emphasis on blueprint reading, electrical symbols,
and the National Electrical Code. Application of fundamentals to conduit
preparation, wiring, and installation of complete electrical systems.
Prerequisite: T-ELC 112.

T-ELC 240 Electrical Analysis and 3 3 4
Maintenance

An introduction to troubleshooting techniques of the common problems _

of direct current and alternating current machines, transformers, circuit
breakers and regulators. Emphasis will be on scheduling of maintenance,
lubrication; and principles of plant maintenance.
Prerequisites: T-ELC 225, T-ELN 208.

T-MEC 110 Fundamental Mechanisms 2 4 4

A study of the purpose and actions of cams, cables, gear trains, differ-
entials, screws, belts, pulleys, shafts, levers, and other mechanical
devices used to trapsmit or control signals.
Prerequisite: T-PHY 102.

T-ELC 220 Electrical Instrumentation 3 4 5
Electrical meters and their movements: indicating, integrating, recording;
instrument transformers; and special metering applications. Care, operation,
calibration and maintenance of electrical meters and instruments.
Prerequisite: T-ELN 101.

T-ELC 250 Illumination and Estimating 3 3 4
Study of light sources, luminaries, illumination levels, interior
lighting layouts, roadway lighting and floodlighting design. Analysis
of plans and specifications for the preparation of electrical estimates
covering industrial, commercial and residential wiring installations.
Prerequisites: T-PHY 104, T-ELC 102.

58
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SOCIAL SCIENCE ELECTIVES

T-SSC 201 Social Science 3 0 3
An integrated course in the social science drawing from the fields
of anthropology, psychology, history, and sociology.
Prerequisite: None.

T-SSC 202 Social Science 3 0 3
A further_study of social sciences_with emphasis on economics, politi-
cal science, and social problems as they relate to the individual.
Prerequisite: T-SSC 201.

T-PSY 206 Applied Psychology 3 0 3
A study of the principles of psychology that will be of assistance
in the understanding of inter-personal relations on the job. Mbtiva-

_ Mee, feelieP, aed emotionS_Are_COnsidereCmith-ArtiGglar-reference
'- to on-fhe-job problems. Other topics investigated are: employee

selection, supervision, job satisfaction, and industrial conflicts.
Attention is also given to personal and group dynamics so that the
student may learn to apply the principles of mental hygience to his
adjustment problems as a worker and a member of the general community.
Prerequisite: None/.

T-SSC 205 American Institutions 3 0 3
A study of the effect of American social, economic, and.. political
institutions upon the individual as a citizen and as'a worker. The
course dwells upon current local, national, and global problems viewed
in the light of our political and economic heritage.
Prerequisite: None.

T-POL 201 United States Government 3 0 3
A study of government with emphasis on basic concepts, structure, powers,
procedures and problems.
Prerequisite: None. ,

T-SOC 207 Rural Society 3 4 0 3
A study of selected elements of rural sociology with emphasis on
current social changes. The course provides a sociological background
for the understanding of rural social changes. Areas of study include

---rurai-culturei-grourrrelattonships, sneer-0nm, fee-AM-taut-tan
communities, farm organizations, the communication of agricultural
technology, rural social problems, agricultural adjustment and population
change
Prerequisite: None.

T-ECO 108 Consumer Economics 3 0 3
Designed to help the student use his resources of time, energy, and
money to getthe most out of life. It gives the student an opportunity
to build useful skills in buying, managing his finances, increasing his
resources, and to understand better thE economy in which he lives.
Prerequisite: None.

59
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r NGIN(I RING TECHNOLOGY

ELECTROMECHANICAL

INTRODUCTION

Purpose of Curriculum

Advances in both manufacturing and maintenance techniques over the past
decade have made it necessary to bridge the gap between electronics and

mechanics with a technician versed in both disciplines. The multi-

discipline approach of the electromechanical technology presents overall
system functions as well as in depth study of subject areas to effect
repairs and make design changes or operational changes that would
normally require the services of tvm or three single discipline technicians.
This-curriculum provider-courses-tolivez-the-student,a--backgroun&-in---- -

electricity-electronics, in mechanical operations and functions, and
in electromechanical systems covering such devices as computers, servo-
mechanisms, and numerical control systems.

Career Opportunities

An electromechanical technician may find employment in many areas of

industry. He may help design, fabricate, install, and test devices which
utilize the interaction of electric impulses and mechanical controls to
produce products; control temperature, pressure, and flow rate; or
perform quality control functions in the manufacturing process. The
technician may troubleshoot, repair, and maintain specialized electro-
mechanical systems. He will be required to use an analytical approach
and the basic principles of electricity, electronics and mechanisms
as the foundation of hit Work with_automated electromechanical systems.

_

A graduate of this curriculum is prepared to enter employment in industry
and business as an engineering aide, maintenance_ and troubleshooting
technician, field service technician, manufacturing and autdmated process
technician, or research and development technician.

1-039 10/76
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ENGINEERING TECHNOLOGY

ELECTROMECHANICAL

SUGGESTED SEVEN QUARTER CURRICULUM

Course Title Hours Per Week Quarter
Hours
Credit
3----

5

7

FIRST QUARTER Class
---1---

5

5

Tr

Lab.

ir
0
6

T-ENG 101 Grammar
T-MAT 101 Technical Mathematics
T-ELC 112 Electrical Fundamentals I

Mr r r

_

SECOND QUARTER

4111111

3
5

3

3

0
0
'6

4

3
5

5

5

T-ENG 102-75Mposition
T-MAT 102 Technical Mathematics
T-ELC 113 Electrical Fundamentals II
1*ELN 121 Electronics I

THIRD QUARTER
T-ENG 103 Report Writing
T-MAT 103 Technical Mathematics
T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics II

3
5

3

5

Tr

0
0
2

6
--8-

3
5

4
7

TV

FOURTH QUARTER
T-ENG 204 Oral Communication 3 0 3
T-PHY 101 Physics: Properties of Matter 3 2 4
T-DFT 113 earmicArafti ng 2 6 4..1,1

T-ELN 123 Electronics III 3 4 5
T-MEC 100 Machine Practices 2 3 3

. Tr' Tr TV
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oi ure or n Cuss 15
E cie

oa

SIXTH QUARTER
T-PHY 104 Physics: Light and Sound 3 2 4
T-ELN 219 Digital Fundamentals 3 4 5
T-ELM 212 Control System Technology I 3 4 5_
T-MEC -235 -Hydraul ics--and ineirOtics ....... .1 ..ir

1r Tr. Tir

SEVENTH QUARTER

Social Science Elective* 3 0 3TZLI. 124 Computer and Microprocessor 3 4 5
Fundamentals

T-ELM 213 Control System Technology II 3 4 5
El ective 3

-1i- -r- IF

63

Totil Quarter Hours in Courses 115
El ectives 3

Total

-1i- -r- IF

SEVENTH QUARTER

Social Science Elective* 3 0 3TZLI. 124 Computer and Microprocessor 3 4 5
Fundamentals

T-ELM 213 Control System Technology II 3 4 5
El ective 3

63



:

ENGINEERING TECHNOLOGY

(ALTERNATE LENGTH CURRICULUM)

-

ELECTROMECHANICAL

SUGGESTED SIX QUARTER CURRICULUM

Course Title Hours Per Week Quarter
Hours
Credit

FIRST QUARTER Class ' Lab.
T-ENG 101 Grammar
T-MAT 101 Technical Mathematics
T-DFT 111 Electronics Drafting
T,ELC 112 Electrical Fundamentals

5

2

5

0
6

6

5

4
7

Tg-

SECOND QUARTER
T-ENG 102 Composition 3 0 3
T-MAT 102 Technical Mathematics 5 0 5
T-ELC 113 Electrical Fundamentals II 3 6 5
T-ELN 121 Electronics I 3 4 5

THIRD WARTER .

f:ENCT-I03 Report Writing
--T-MAT--103--Technical Mathematics

T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics II

11T- TO- 111-

7

FOURTH QUARTER

-..:.,..L.....___T-ENG..,..201.0raltommunication _3. -- 3
T-PHY 101 Physics: Properties of Matter 3 2 4
T-MEC 110 Fundamental Mechanisms 2 4 4

, .. T-ELN 123 Electronics III 3 4 5
T-MEC 100 Machine Practices 2 3 3

711- 111- IT-
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Hours Per Week Quarter
Hours

FIFTH QUARTER Class Lab. Credit
Social Science Elective*

TRW -TUT Applied Mechanics
T-ELM 211 Electromechanical Devices
T-ELN 219 Digital Fundamentals

-7---- "15- --r--
5 0 5

3 . 4 5

3 4 5
T-4.- -r Tr.

SIXTH QUARTER

Social Science Elective* 3 0
'2

3
Y=FITY Tff Physics: Light and Sound 3 4
T-ELM 212 Control 'System TechnOlogy I 3 4 5 .- .- ..

Elective. :::;:;.;.;....-:117;;;;;;;;Lutsrapb.

Total Quarter Hours in Courses
Electives

Total

* Refer to electives suggested in this guide.

T-039
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FIRST QUARTER

ELECTROMECHANICAL

COURSE DESCRIPTIONS BY QUARTERS

Hours Per Week Quarter
Hours

Class Lab. Credit

T-ENG 101 Grammar 3 0 3
Wired V;1_ aid the student in the improvement of self-expression--
through writing. Emphasis is on grammar, diction, sentence structure,
punctuation, and spelling. It is intended to stimulate students in
applying the basic principles of English grammar in their day-to-day
situations in industry and social life.
Prerequisite: None.

T-MAT 101 Technical Mathematics _5 1_ _5.. _
Thereal"-tUMber-systems-fs-deVeloped as an iitenticiti of-natural nUmbers:.
Number systems of various bases are introduced. Fundamental algebraic
operations, the rectangUlar coordinate system, at:well at fundamental
trigonometric condepts and operations are introduced.. The application
of these principles

to.practiCal problems is Stressed._
Prerequisite: SatitfactOry evidende that.admissiOn:reqUirements-:have.:

been met.

T-ELC 11? Electrical FUndamentals V. 5 . .6h. 7
A qualitative study of units),,f measurement, electrio41.4.14htities;
siMple circuits,

electromOtivejortesUrrenti4P006:1AWSbaslc
electricaT instruments

aneasurementsi:iestitance0MOidanCe'and:
Concepts

fundamentals
witk.verYlittlejaphatI$41aCeCnnA0initta*e'mPetis',

laboratory work will
teacn1he-prOPer'uteand':04W0f1ASIONOWtoOls. .andthe tatit

manual2skilitusedAn'AitirkingWith'eTeCtriOtigMesOre
ment teCbniquesT ancTsafety4wacti6et'-Will

throughout.
Prerequisite': Nene.

.SECOND QUARTER,

.',1%.ENG102,.:CompotitiOn 3'
_ .

English.compostion:isAetigned to aiethe stUdentAn improVeMentof '
--self*exprestiOnlv-Means7of-peacttaTIOOTICATOtrikbUiiiessand
tichniCal writing. EmphiSit is Oh writing tentences,OiragriOh$
.and compositiOns.
'Prerequsite:. T-ENG-101

T-MAT 102.Technical Mathematics 5 0 5:: .

A:continuation of T.MAT 101. :Advanced algebraiciAnd trigonometric
topics inCluding-quadratiCs, logarithOs, determinants, Progressions,
thebinominaLexpansion, complex nuMbers, solution'of oblique trianglesand graphs of the trigonometric functions are studied in depth.
Prerequisite T-MAT 101.'

66
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T-ELC 113 Electrical Fundamentals II 3 6 5

Additional electrical concepts and circuit analysis procedures as applied
to more complex two terminal and simple two port networks are introduced.
Laboratory work will include additional measurement techniques with
emphasis on verification of theoretical concepts.
Prerequisites: T-ELC 112 (or equivalent), T-MAT 101.

T-ELN 121 Electronics I 3 4 5

Presents qualitative electronics concepts beginning with systems and
networks and proceeding to devices. Typical networks such as power
supplies, amplifiers, oscillators, and feedback circuits are introduced.
Solid state devices and vacuum tubes are introduced as idealized devices.
Experience is provided in basic troubleshooting techniques. Instruments
are introduced as needed for simple testing and measurements.
Corequisite: T-ELC 113.

THIRD QUARTER

T-ENG 103 Report Writing 3 0 3

The fundamentals of English are utilized as a background for the organi-
zation and techniques of modern report writing. Exercises in developing
typical reports, using writing techniques and graphic devices are
completed by the students. Practical application in the preparation of
a full-length report is required of each student at the end of the
term. The report must relate to the student's specific curriculum.
Prerequisite: T-ENG 102

T-MAT 103 Technical Mathematics 5 0 5

The fundamental concepts of analytical geometry, differential and
integral calculus are introduced. Topics included are graphing techniques,
geometric and algebraic interpretation of the derivative, differentials,
rate of change, the integral and basic integration techniques. Appli-
cations of these concepts to practical situations are stressed.
Prerequisite: T-MAT 102.

T-ELC 114 Electrical Fundamentals III 3 2 4
Advanced circuit analysis techniques as applied to two port passive
networks are introduced with emphasis on analysis and mathematical
computations. Laboratory experiences are used to support analysis
activities.
Prerequisites: T-ELC 113, T-MAT 102.

T-ELN 122 Electronics II 5 6 7

A quantitive study beginning with active control devices and proceedilg
to networks. A variety of equivalent circuit models are used to
evaluate device and system parameters and predict circuit performance.
Instruments are used in the laboratory to collect data, verify math
predictions, and troubleshoot.
Prerequisite: T-ELN 121.
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FOURTH QUARTER

T-ENG 204 Oral Communication 3 0 3
TETTRTicip es, techn ques, and practical applications of communicating
the thoughts and personality through the voice and visible action of
the individual to on- or more persons for the purpose of achieving a
previously determined response. Areas covered vary according to class
needs, but, in general, include: basic concepts, nonverbal and
verbal language, vocal usage, speech preparation (analyzing audience
and occasion, determining purpose, selecting and narrowing subjPct,
gathering and orgarizing material, wording, and practicing aloud),
and effective listening.
Prerequisite: None.

T-PHY 101 Physics: Properties of Matter 3 2 4
A fundamental course covering several basic principles of physics.
The divisions included are solids and their characteristics, liquids
at rest and in motion, gas laws and applications. Laboratory experi-
ments and specialized problems dealing with these topics are part of
this course.
Prerequisite: None.

T-DFT 113 Electronic Drafting 2 6 4
The fundamentals of drafting are presented with an emphasis on applica-
tions in the electronics field. Basic skills and techniques are
included such as the use of drafting instruments, types of drawings,
construction of drawings both with instruments and freehand, lettering
and dimensioning, and how to read prints. In addition to basic skills,
specialized experience will be included which directly relates to the
electronics industry, such as types of drawings common to electornics,
special symbols used, schematic diagrams, and layout diagrams with
an emphasis on printed circuit work.
Prerequisite: None.

T-ELN 123 Electronics III 3 4 5
Continues the study of active networks. Emphasis Is on the analysis
and deisgn of hoth networks ard active circuits. In addition fundamen-
tals, design techniques, and tIrpical applications of linear integrated
circuits are introduced.
Prerequisites: T-ELN 122, T-MAT 103.

T-MEC 100 Machine Practices 2 3 3
A course designed to familiarize the student with the machine shop and
machine processes. Although not an in-depth study of machine shop
practice, it covers a wide variety of techniques, machines, and proce-
dures while giving enough shop practice to enable the student to "get
the feel" of most of the machines.
Prerequisite: None.
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FIFTH QUARTER

T-Muna07- Applied Mechanics 5 0 5 ..s.

Concepts and applications iirstatics and dYnamics. Force systenisi':
moments and couples., equilibrium, trusses, friction, centroidasi:'center...
of graVity,,moments of inertia, motion, work, energy, momentunr, and
impulie are covered. Applitations relating .to the particular-technology ;-

are introduced.'
Prerequisite: -T-MAT 102., :
T-ELM 211 EleCtroMechanical De Vice's!. 3 4. 5

k A study of the fundamental devices used in electromechaniCal' technolOgy.
Devices such as electricaLMOtOrs, generators, transfOrmert;;,relaiS;;;:.:
and transducers;will 'be iniiistigated. 'Concepti of woris1 .'eneray9.0,1*.r
time constantS, and,effiCiencY -as related to electromechanical deVices
will be stressed. Study of:the:instrumentation required ,to Perform,..
the ihvettigation of lelectroMechanical devices will 'form an integral
part Of the course. .

Prerequisites: T-ELC 114, T-PHY 101.

T-MEC 110 Fundamental MeChanismt 2 4 4
A study of the purpose and actions of cams, cables, gear trains, differ-

. .entials,' screws, belts, pulleys, shafts, leifers, and other .mechanical ;.vdevices used.to transmit or control signals.
Prerequisite: T-PHY 102.

SIXTH QUARTER

T-Pfilit and Sond 3 2 4
ASiTirveci:mcWwave motion leads to a study of
sound, its generation, transmission and detection. The principles of
wave motion also serve as an introduction to a study of light, illumi-
n44i on and the .principl es invol ved in optical instruments. Appl i cati on
irstressed throughout.
Prerequisites: T-MAT 101, T-PHY 101.

T-ELN 219 Digital Fundalentals 3 4 5 ,

Emphasizes the study of combinational and sequential logic circuits f

using discrete and integrated components. Topics include binary
arithmetic, numbering systems , Bool ean al gebra , storing I timing , gati ng 9

,10and counting. Typical applications in industry will be presented. --,..1
Prerequisite: T-ELN 123. 'Al

.4-1
T-ELM 212 Control System Technology I 3, 4 5 l:,

A study 0 confrof system technology. Basic concepts and terminology ' FA

are investigated. Methods used to evaluate opth-loop, closed-loop,
regulator, follow-up, process, servomechanism, sequential, numerical,
analog and digital control systems are introduced. Methods of ,41

;A
describing control system components are investigated.for electrical, .4]
1 iquid 9 gas , thermal and inechanical systems . Characteri si tcs of processes ,
measuring means, and controllers are covered.
Prerequisite; T,.ELM 211.
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T-MEC 235 Hydraulics and Pneumatics 3 3 4
The basic theories of hydraulic and pneumatic systems. Combinations of
systems in various circuits. Basic designs and functions of circuits
and motors, controls, electrohydraulic servomechanisms, plumbing, filtra-
tion, accumulators and reservoirs.
Prerequisite: T-PHY 102.

SEVENTH QUARTER

T-ELN 224 Computer and Microprocessor 3 4 5
Fundamentals

An in-depth study of computing principles. Subjects covered include
analog and digital computers, memory devices, input-output devices,
analog to digital converters, and digital to analog converters.
Laboratory work using integrated circuits as computer building blocks
will reinforce the classroom material.
Prerequisite: T-ELN 219.

T-ELM 213 Control System Technology II 3 4 5
Contra system transducers, final control elements, and performance are
covered. Transducer topics include position, displacement, velocity,
acceleration, force, temperature, flow rate, pressure, and liquid
level measurement. Control element topics include control valves,
armature controlled DC motors, two-phase AC motors, and amplifiers.
Topics include frequency response analysis and testing, Bode diagrams,
closed-loop response, stability, and controller adjustment.
Prerequisite: T-ELM 212.

439
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ELECTIVES

The following is a list of electives for this curriculum from which the
institution may select courses to complete the program of study. The
institution has the prerogative to develop new courses for the electives
or modify courses from the suggested list to fulfill local objectives.
It is suggested, however, that technical courses be related to the

_major area of study. These courses-should not change or alter the
major objectives of the program nor create a false impression of pro-
ficiency in an area either related or foreign to the major.

Elective courses selected must be associate degree courses or new courses
should be developed at a comparable level. The institution may elect
to require certain electives or may let the student select an appropriate
elective.

ELECTROMECHANICAL

T-ELC 214 Industrial Electrical Control 3 4 5
Systm

A study of indult-Hi-Ielectrical control systems. Emphasis is placed
on practical circuit analysis as it pertains to starting, rapid
stopping, reversing, speed control, and circuit protection for electri-
cal motors. Travel limits for control of mechanical systems are investi-
gated as is timing of multimotor driv. . Control building blocks
such as switches, relays, contractors, transformer, rectifiers, brakes,
protective units and power amplifiers form an integral part of the course.
Prerequisite: T-ELM 211.

-

T-ELN 218 Pulse, Logic, and Digital 3 4 5
Circuits

Emphasizes the iiiiaTET wave shaping and non-sinusoidal wave generating
circuits using discrete and integrated components. Wave shaping topics
include simple passive wave shaping circuits and more complicated
wave shaping circuits using active devices. Topics covered under non-
sinusoidal wave generating circuits include multivibrators, sweep
generators, and other types of special purpose circuits using discrete
and integrated components. An introduction to Boolean algebra and its
applications for the simplification of logic circuits is also included.
Prerequisite: T-ELN 123.

T-DFT 101 Technical Drafting 0 6 2
The field of drafting is introduced as the student begins study of
drawing principles and practices for print reading and describing
objects in the graphic language. Basic skills and techniques of
drafting included are: use of drafting equipment, lettering, freehand
orthographic and pictorial sketching, geometric construction, ortho-
graphic instrument drawing of principal views, and standards and practices
of dimensioning. The principles of isometric, oblique, and perspective
are introduced.

Preraquisite: None. 71
7-039
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T-DFT 102 Technical Draftinq 0 6 2

The application of orthographic roj-Ktlon principles to the more complex
drafting problems, primary and sec,r,iiry auxilliary views, simple and
successive revolutions, and sections and conventions will be studied._
Most important is the introduction of the graphical analysis of space
problems. Problems of practical design elements involving points, lines,
planes, and a combination of these elements shall be studied. Dimension7
ing practices, approved by the American Standards Association will
also be included. Introduction is given to intersections and develop-
ments of various types of-geometrical objects.
Prerequisite: T-DFT 101.

T-ELN 246 Electronics Design Project 0 6 3

A laboratory class emphasing independent research and design work by
the student. The student will select a project in consultation with
the instructor; perform the required research; compile data; formulate
a theoretical model; and construct, test, and evaluate a working model
of the selected project.
Prerequisite: T-ELN 241.

T-EGR 101 Introduction to Engineering 0 3 1

Technology
An overview of the field ofrengineering technology, with a discussion
of the work of the technician, and his role in the engineering and
industrial organizations. The "conceptual approach" will give the
student an idea of the whole engineering technology spectrum. This
is followed by discussions of the various aspects of engineering
technology; design calculation, material selection, production
techniques, etc. Practice in engineering methodology will be stressed,
including development of carefulness and orderliness, use of curves
and tables, calculations, experimental laboratory procedures, etc.
Field trips give the student an opportunity to see the engineering
technician in action. Permanent placement and summer work opportunities
will be discussed.
Prerequisite: None.

T-EGR 102 Programming of Engineering 0 2 1

Problams
A course in the development of skill of computer programming of engineer-
ing and scientific problems. Special emphasis on repetitive and progres-
sive calculation situations. Skill with the available computer terminal
equipment will be subordinate to the skill of writing programs in the
appropriate high-level computer language.
Prerequisite: None.

T-EGR 107 Techniges of Problem Solving 0 3 1

This course presents UN introduction to a variety of problem solving
tools including the hand-held calculator, the programmable de4k-top
calculator, and the minicomputer. The purpose is to equip the student
to use thehe available tools in solving complex mathematical problems.
Prerequisite: None.

T-039
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T-MAT 201 Technical Mathematics 5 0 5
A continuation of T-MAT 103. More advanced concepts of differentiation
and integration are considered. Included are graphs and derivatives
of the trigonometric functions, exponential and logarithmic differenti-
ation and integration, advanced integration techniques, polar equations,
parametric equations and Fourier series.
Prerequisite: T-MAT 103.

73.
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SOCIAL SCIENCE ELECTIVES

T-SSC 201 Social Science 3 0 3
An integrated course in the social sciences drawing from the fields
of anthropology, psychology, history, and sociology.
Prerequisite: None.

T-SSC 202 Social Science 3 0 3
.A further study of social sciences with emphasis on economics, politi-
cal science, and social problems as they relate to the individual.
Prerequisite: T-SSC 201.

T-PSY 206 Applied Psychology 3 0 3
A study of the principles of psychology that will be of assistance
in the understanding of inter-personal relations on the job. Motiva-
tion, feelings, and emotions are tonsidered with particular reference
to on-the-job problems. Other topics investigated are employee
selection, supervision, job satisfaction, and industrial conflicts.
Attention is also given to personal and group dynamics so that the
student may learn to apply the principles of mental hygience to his
adjustment problems as a worker and a member of the general community.
Prerequisite: None.

T-SSC 205 American Institutions 3 0 3
A study of the effect of American social., economic, and political
institutions upon theindividual as a c7en ,IInd as 4 worker. The
course dwells upon current local, nation .4fsd globa: problems viewed
in the light of our political and economic Nwitage.
Prerequisite: None.

T-POL 201 United States Government .3 C 3
A study of government with emphasis on basic clncepts, structure, powers,
procedures and problems.
Prerequisite: None.

T-SOC 207 Rural SocietY 3 0 3
A study of selected elements of rural bicio1ocy with emphati: on
current social changes. The course provides a sociologicC nackgroUnd
for the understanding of ruril social changes. Areas of stisly itrludfs
rural culture, group relatiowi3ips, social classes, rural an4 w3burban
communities, farm organizations, the communication of agricultural
technology, rural social problems, agricultural adjustPent and popu-
lation change.
Prerequisite: None.

T-ECO 108 Consumer Economics 3 3
DeOgned to help the student use his resources of time, energy, and
moey to get the most out of life. It gives the student an opportunity
to build useful skills in buying, managing his fiAnces, increasing his
resources, and to understand better the economy 1Ir which he lives.
Prerequisite: None.

7 4
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ENGINEERING TECHNOLOGY

Purpose of Curritulum

The Instrumentation Technology cUrriculum,providet a programa.. \
study to develop knowledge of nteasuring and controlling devices and to\
develop thetechnical 'skills.involyed in'the application.of,instrOment \

control to processesitYStems, and operation!. of modern indUStrY. The'
instrumentation technician it involved in both production and proteit
control and Must deal with.milbles that affect manufattOringprotesses,
such As temperature:, prev;ure, flow, lev.1, hunildity, dentfu,±w(SOOty,
etc. Instrumentation men are kcy'persnnnel in.keeping 0 min000tUrinT
firm running. Should a major piece of equipMentAreakAloWnhelinttru-
mentation man is usually tiv? pervm to make repairs to:the.0.10.000,',.
that production.may be resumen. His !Iiowledge ofMechanics, elettronic$,
and manufacturing processes are key fectors in Maintaining an effiCient..
plant operation.

INSTRUMENTATION

IN1v,ODUCTION

Career Opportunities

The instrumentation technician In most manufacturing plants works with
or assists engineers in their work. He selects, installsvcalibrates,
checks out and maintains sensing, telemetering, and recording 1nstru7
mentation and circuitry. Other functions include devising, setting:up,
and operating instrumentation equipmentinVolved in testing mechanical,
structural, or electrical equipment. He may work-as an instrumentation
technician, engineering aid or associate, service specialist, laboratory
technician, or instrument field service technician.
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ENGINEERING TECHNOLOGY

INSTRUMENTATION

SUGGESTED SEVEN QUARTER' CURRICULUM

Course Title Hours Per Week. Quarter

FIRST QUARTER Class
T-ENG 101 Grammar
T-MAT 101 Technical Mathematics
T-ELC 112 Electrical Fundamentals I

5

5

SECOND QUARTER
T-ENG 102 Composition 3
T-MAT 102 Technical Mathematics 5
T-ELC 113 Electrical Fundamentals II 3
T-ELN 121 Electronics I 3

THIRD QUARTER
T-ENG 103 Report Writing 3
T-MAT 103 Technical Mathematics 5
T-ELC 114 Electrical Fundamentals III 3
T-ELN 122 Electronics II 5

FOURTH QUARTER
T-ENG 204 Oral Communication 3
T-PHY 101 Physics: Properties of Matter 3
T-OFT 113 Electronic Drafting 2
T-ELN 123 Electronics III 3

4.--

77

Hours
Lab. Credit

-737--
0
6

.4

3

O 5

2

6

0 3
2 4
6 4
4 5

Tr Tr Tr
11111100
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Hours Per Week Quarter
Hours

FIFTH QUARTER:-."- -- Class Lab. Credit
Social-Science Electtve*

?Wit TNT Phystcs: Work, Energy, Power 3 2 4
T-ELN 203 Measurement and Control I 3 6 s
T-ELN 218 Pulse, Logic and Digital Circuits 3 4 s

Tr Tr TT-

SIXTH QUARTER

3

3

3

3Tr

0
2

6

4
Tr

3

4

s
sTr

Social Science Elective*
rTiTT TUT Physics: Light'and Sound
T-ELN 213 Measufrement and Control II
T-ELN 219 Digital Fundamentals

SEVENTH QUARTER

3

5

4Tr

9

3
0

Tr

6

6

4
Tr-

T-ELN 223 Measurement and Control III
T-CHM 117 Instrumentation Chemistry

Elective

Total Quarter Hours in Courses 116
Electives 4

Total T2U-

* Refer to electives suggested in this guide.
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COURSE OUTLINE

T,ELC 114 ELECTRICAL FUNDAMENTALS III

COURSE DESCRIPTION:

Advanced circuit analysis techniques as applied to two port passive
networks are introdUced with emphasis on analysis and mathematical
computations. Laboratory experiences are used to support analysis
activities.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 2.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-ELC 113, T-MAT 102.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruc-
tion. As a minilum a student shall:

(1) Solve complex electrical circuit problems for two
terminal, two port passive networks Involving:

a. series circuits
b. parallel circuits
c. .combinational circuits
d. resistance
e. capacitance
f. inductance

with various repetitive and non-repetitive driving
functions applied to the network,

(2) Use equivalent circuits in the solution of complex
network problems.

(3) Solve complex problems involving coupled circuits
with various loads.

(4) Solve various transformer problems involving
resistive and reactive loads, efficiency, transformation
ratios, impedance notching, core sizes, core materials
and voltage regulation.

(5) Predict transformer performance from the open circuit
and short circuit transformer tests.
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(6) Solve problems involving resonance and coupled im-
pedances encountered in tuned transformers.

(7) Solve problems involving voltage, current and power
for three phase circuits that are both Y connected
and Aconnected and combinations of the above.

(8) Set up, test, troubleshoot, and repair the troubles
encountered in commonly used passive electrical
networks.

(9) Properly use all commonly encountered laboratory
electrical test instruments.

CONDUCT OF COURSE:

Electrical Fundamentals III is a quantitative course with the emphasis
shifting from components to systems. Advanced circuit analysis tech-
niques, involved with more complex passive networks, will be solved.
Analysis techniques will be compared one with another.

Laboratory experiences, involved with more complex passive networks,
will be used to support and reinforce the analysis activities of the
course.

Additional electrical instruments will be introduced throughout the
course as needed.

OUTLINE OF INSTRUCTION:

I. Electrical Fundamentals (quantitative approach)

A. Driving functions
1. Nonrepetitive

a. Step
b. Square wave
c. Saw tooth
d. Pulse

2. Repetitive
a. Sinusoidal
b. Step
c. Exponential
d. Pulse

B. Passive newtork characteristics
1. Resonant (series and parallel)
2. Filter
3. Integrator/differentiator
4. Attenuator

a. Types 80
b. Uses

2



C. Passive network analysis
1. Equivalent circuit theorems
2. Resistive networks
3. Reactive networks
4. Resonant circuits
5. Coupled circuits and tuned transformers
6. Power
7. Harmonics
8. Integrators/differentiators

II. Transducers

III. Measurements and Instruments Not Previously Covered

SUGGESTED TEXTS:

Boylestad, Robert L. Introductory Circuit Analysis; Second Edition.
Columbus, OH: Charles E. Merrill Publfihing Co., 1972.

Jackson, Herbert W. Introduction to Electric Circuits; Third Edition.
Englewood Cliffs, NJ: Prentiae-Hall Inc., 1970.

Malvino, Albert Paul. Resistive and Reactive
McGraw-Hill Book Co., 1974.

Oppenheimer, S. L. and Ness, F. R. Direct and Alternating Current.
New York: McGraw-Hill Book Co., 1973.

Romanek, Richard J. Introduction to Electronic Technology. Englewood
Cliffs, NJ: Prentice-Hall Inc., 1975.

Circuits. New York:

SUGGESTED REFERENCES:

Boylestad, Robert L. Experiments in Circuit Analysis. Columbus, OH:
Charles E. Merrill Publishing Co., 1968.

Cox, Cyrus, W. and Reuter, William L. Circuits, Si nals and Networks.
New York: Macmillan Publishing Co., 1969.

Cutler, Phillip. A.C. Circuit Analysis (with illustrative problems).
McGraw-Hill Boorti.17111107---

Cutler, Phil:ip. Outline for D. . Circuit Analysis (with illustrative
problems). New York: McGraw- Book Co., 1968.

Edminster, Joseph A. Eledtric Circuits - Theory and Problems. New
York: McGraw-Hill Book Co., T967.

Gillie, A. C. Electrical Principles of Electronics. New York:
McGraw-Hill Book Co., 1969.
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Grod, Bernard. Basic Electronics; Third Edition. New York: McGraw-
. Hill Book Co.

Romanowitz, A. H. Introduction to Electric Circuits. New York:
John Wiley and Sons Inc., 1970.
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COURSE OUTLINE

T-ELN 121 ELECTRONICS I

COURSE DESCRIPTION:

Presents qualitative electronic concepts beginning with systems and
networks and proceeding to devices. Typical networks such as power
supplAes, amplifiers, oscillators, and feedback circuits are introduced.
Solid state devices and vacuum tubes are introduced as idealized de-
vices. Experience is provided in basic troubleshooting techniques.
Instruments are introduced as needed for simple testing and measurements.

COURSE HOURS PER WEEK: Ciass, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

COREQUISITE: T-ELC 113.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Draw the block diagram of a power supply and explain
the function of the transformer, rectifier, filter,
and regulator.

(2) Connect voltmeters and ammeters to measure and-evaluate
voltage, current, ripple content, and regulation of a

. power supply.

(3) Define the properties of an amplifier su6s as,gain,
bandwidth, impedances, distortiOn and power ohtput.

(4) Measure the voltage gain, input and output impedances,
frequehcy.response, distortion; and power output when
given an amplifier and appropriate test equipment.

(5) Define the properties of an oscillator in terms of
frequency, stability, and waveform.

(6) Measure the output frequency and waveform, and deter-
mine the factot*Ithich contribute to frequency in-
stability such ai temperature, power supply variation,
and loading, when given an oscillator and appropriate
test equipment.

(7) Draw the schematic diagrams of both vacuum tube and
semiconductor diodes and explain forward and reverse
biasing.
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(8) Be able to list the most important diode ratings
and interpret them through the use of reference
material.

(9) Perform simple diode testing procedures using ohmmeter,
curve tracer, or in-circuit testers.

(10) Draw and identify schematic diagrams, for CE, CB, & CC
transistor amplifier configurations and explain the
characteristics of each.

(11) Explain bipolar transistor ratings such as breakdown
voltage, collector dissipation, maximum currents, etc.

(12) Perform simple bipolar transistor testing procedures
using oLimeter, curve tracer, or in-circuit testers.

(13) Draw ind identify schematic diagrams for some basic
bipolar transistor amplifiers and oscillators.

(14) Accurately connect the circuit in breadboard fashion
and perform all tests as outlined in item four or
item six above when given a schematic diagram of a
simple Lipolar transistor oscillator/amplifier and
appropriate hardware.

(15) Draw and identify schematic diagrams for field
effeLt transistors (FET) and explain their ratings.

(16) Perform simple FET test procedures and explain special
handling precautions.

(17) Draw schematic diagram of amplifiers and oscillators
which use FETs.

(18) Draw and identify the schematic symbols of other
semiconductor devices such as UJT, DIAC, SCR, TRIAC,
etc.

(19) Be able to list a number of basic applications for
the semiconductors in item 18.

(20) Draw and identify vacuum tube type symbols.

(21) Draw and identify vacuum tube schematic diagrams of
basic amplifiers and oscillators.

(22) Isolate basic or subsystm TIlfqnctions using appro-
priate test equipment and rj.res to determine a
defective module or plug-in.

(23) Utilize appropriate test equipment and procedures to
identify system malfunctions in terms of input/output
data.
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CONDUCI Cr COURSE:

Functional concepts beginning with systems and networks and proceeding
to devices will be presented. The treatment of these networks at this
Aine should be of a qualitative nature only, the objective being the
development of the learner's knowledge of what these networks do and
not how they do it. This knowledge will bFaTrected towar:1 trouble-
snoolTig electrod, systems by signal tracing through functional blocks.
Ordinary systems will be used to provide exposure to troubleshooting
techniques and input/output analysis. Progression through the three
electronics courses, Electronics I, II, and III, is graphed below.
Electronics I begins with a qualitative (what) investigation of elec-
tronic systems, then proceeds into various systems for a look at the
function of circuits that contribute indivi:jally to the systems overall
performance. These circuits are then reduced to the devices or components
with which they are constructed and a qualitative investigation is
completed with the smallest electronic component in the system.

SYSTEMS COMPONENTS

ELECTRONICS I ELECTRMICS II

QUALITATIVE (what)

-14

SYSTEMS

ELECTRONICS III

QUANTITATIVE (how)

Instruments and measuring techniques will be introduced as needed.

Upon completion of this course the student is ready to begin a quanti-
tative (how) study of electronics beginning with components and expanding
into systems.

OUTLINE OF INSTRUCTION:

I. D.C. Power Supplies

A. Circuits
1. Transformer
2. Rectifier
3. Filter
4. Regulator

B. Output characteristics
1. Voltage
2. Current
3. Ripple
4. Regulation

C. Types
1. D.C.
2. Constant voltage

4
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3. ConstAnt current
D. Faults

1, Ripple
2. Regulation

II. Amplifiers

A. Properties
1. Gain
2. Input impedance
3. Output impedance
4. Frequetcv response
5. Distorti
6. Power ou14.

B. Types
1. Voltage
2. Current ampllfe-
3. Power amplifi..r

C. Faults
1. Low gain
2. Distortion, eix.

III. Oscillators

A. Properties
1. Frequency
2. Stability, etc.

B. Types
1. 7inusoidal
2. Nensinusoldal

C. Fault
1. CAC:
2. Amplit4e4 stabilization
3. qistortion

IV Diodes

A. Types
1. Semiconductor
2. Vacuum tube

B. Device ratings
C. Basic Tircuit applicatiens

1. Rectifiers
2. Regulators
3. Oscillators

D. Testing
1. Ohmmeter
2. Curve tracer
3. Dynamic testing

Bipolar Junction Transistors

A. Circuit:Configurations and cherecterlstics
, .



1. CE
2. CB
3. CC

B. Device ratings
C. Basic circuit applications

1. Amplifiers
2. Oscillators

D. Testing
1. Ohmmeter
2. Transistor tester
3. Curve Tracer

VI. Field Effect Transistors (FET)

A. Types
1. J FFT

2. Mos FET

B. Device rating
C. Input characteristics
D. Circuit applications

1. Amplifiers
2. Oscillators

E. Testing and handling precNitions

VII. Other Semiconductor Devices

A. Unijunction transists (UJT,

B. A.C. trigger diode (bIAC)
C. Shockley diode
D. SCR
E. TRIAC
F. 1.70

G. Photo transistors

VIII. Vacuum tubes

A. Types
B. Applications

IX. Soggested Laboratory Exercises

A. Power supply
1. Testing components for a 12 volt D.C. power supply

(full wave rectifier with a filter)
2. Practice in soldering
3. Fabricating, assembling, and testing 12 volt D.C. power

supply
4. Analyzing power supply characteristics (input-output

relationships only)
5. InsuTting zener diode at output and evaluating the

regulation effects
6. Determining'diode characteristics - one component of power

supply in detail

5
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7. Determining characteristics of a zener diode
B. Simple two transistor radio

1. Identifying components and performing simple test pro-
cedures

2. Assembling radio
3. 'Testing radio
4. Drawing the schematic and measuring and marking voltages at

important test points
5. Checking amplifier characteristics in terms of input-

output
6. Determining characteristics of transistors

C. Simple SCR speed control
1. Fabricating, assembling, and testing SCR speed controls
2. Determining SCR characteristics

SUGGESTED TEXTS:

Boylestad, Robert L.
Circuit Theory.

Malvino, Albert Paul
Book Co., 1975.

SUGGESTED REFERENCES:

and Nashelsky, Louis. Electronic Devices and
Englewood Cliffs, NJ: PFealle-HaT1, Inc., 1972.

. Electronic Principles. New York: McGraw-Hill

Bell, David A. Fundamentals of Electronic Devices. Reston, VA:
Reston Publishing Co., 1975.

Churchman, Lee W. Survey of Electronics. New York: Holt, Rinehart,
and Winston, Inc., 1971.

Crystal, Delbert G. and Alvarez, Charles E. Electron Devices
Laboratory Manual. New York: McGraw-Hill Book Co., 1971.

Herrick, Clyde N. Survey of Electronics. New York: Macmillan Publish-
ing Co., Inc., 1973.

Matthews, John
McGraw-Hill

Matthew, John
McGraw-Hill

I. Experiments in Solid-State Electronics. New York:
Book Co., 1972.

I. Solid-State Electronic Concepts. New York:
Book Co., 1972.

Villanucci, Autgis, and Megow. Electronic Techniques: ShOp PraCtices
and Construction. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1974.

SUPPORTING EQUIPMENT:

Oscilloscope
Voltmeter A.C. 89
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Multimeter, VOM
Signal generator, audio
Standard passive. and acti-: components for projects to include:

resistors, capacitors, transfn:mers, diodes, transistors,
variable capicators, variable indicators, silicone controlled

rectifiers, switches, clips, and assorted hardware and

sheet metal for assembly.

9 0
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COURSE OUTLINE

T-ELN 122 ELECTRONICS II

COURSE DESCRIPTION:

A luantitative study beginning with active control devices and proceeding
to networks. A variety of equivalent circuit models are used to
evaluate device and system parameters and predict circuit performance.
Instruments are used in the laboratory to collect data, verify math
predictions, and troubleshoot.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 6.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 121.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Explain the crystal structures of semiconductors in
terms of free-electrons, holes, doping, P and N type
semiconductor materials.

(2) Explain the PN junction theory in terms of barrier
potential, forward and reverse bias, depletion and re-
combination.

(3) Explain the circuit theory of diode rectification,
clipper action and limiter action.

(4) Produce the volt-ampere characteristics of any diode
using point-by-point technique or the curve tracer.

(5) Do a load line analysis when given a volt-ampere
characteristic of a diode.

(6) Specify component values, breadboard a prototype, and
evaluate the performance using appropriate test
procedures and equipment when given the specification
for a rectifier circuit.

(7) Explain transistor amplifier actic tqr 113, CE, and
CC configurations.

(8) Produce a volt-ampere characteristic curve of a tran-
sistor as in item 4.
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(9) Draw an appropriate load line, determine the optimum
operating point, determine all voltage and current
distributions, make all calculations necessary for
,...orrect component values, hreadboard the circuit, and
evaluate against predicted performance when given a

volt-ampere characteristic of a bipolar transistor and
a set of operating specifications for an amplifier.

(10) Approximate input and output current, voltage gain,
and bandwidth for either bipdlar or FET transistors
when given a schematic diagram of a transistor ampli-
fier.

(11) Calculate all component values, breadboard the proto-
type and evaluate the performance against the speci-
fications when given a set of specifications for
either bipolar or FET transistor amplifiers.

(12) Specify and use appropriate test equipment and proce-
dures to isolate defective components in an amplifier,
oscillator, or power supply system.

CONDUCT OF COURSE:

Electronics II begins the quantitative study of electronic devices and
networks. Note that the order of presentation is the reverse of that
for Electronics I preceeding from active devices to active networks.
This arrangement provides a smooth transition from the qualitative
(what) approach to the quantitative (how) approach. The "how" approach .

dictates that the learner use mathematics to indicate circuit parameters
and predict circuit performance. Techniques of troubleshooting and
data collection are developed along with the use of instruments to verify
mathematical predictions.

SYSTEMS

ELECTRONICS I

COMPONENTS SYSTEMS

QUALITATIVE (what) QUANTITATIVE (how)

OUTLINE Ca. INSTRUCTION:

I. Semiconductor Physics

A. Germanium and silicon atoms
B. Germanium and silicon crystals

2
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C. Doped semiconductors
D. Conduction in semiconductors
E. The hole concept

II. The PN Junction

A. Recombination
B. Depletion
C. Barrier potential
D. Biasing the PN Junction

III. Semiconductor Diodes

A. I-V Characteristic curves
1. Forward characteristic
2. Reverse characteristic
3. Zener effect
4. Avalanche effect

B. Diode equivalent circuits
1. The ideal diode

a. Half-wave rectifier
b. Clipper circuits (negative and positive)
c. Diode limiter

2. The practical diode
a. Half-Wave rectifier
b. Clipper circuits
c. Diode limiter
d. Load line analysis

3. Diode parameters
a. Power rating
b. Peak inverse voltage
c. A.C. resistance
d. anction capacitance and resistance

4. Special purpose diodes
a. Rectifier
b. Zener diodes
c. Variactor diodes
d. Tunnel diodes
e. Varicap
f. Led

5. Diode applications
a. The D.C. regulated power suppl)
b. Tunnel diode oscillator
c. Frequency control diode
d. Frequency multiplier
e. Display

IV. Bipolar Junction Transistors

A. Types
1. NPN
2. PNP

B. Currents in the BJT
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1. Alpha current
2. Beta current

C. Static characteristics
1. Common base
2. Common emitter
3. Common collector

D. Biasing
1. Load line analysis

a. Calculation of the operating point
b. Gain
c. Input/oufput impedance

2. Stability factor (s)
E. Equivalent circuit models

1. Low frequency
2. High-frequency

F. Junction transistor applications
1. D.C. regukted power supply
2. \Small signal
3. Large signal
4. Oscillators

V. The Field Effect Transistor

A. The junction FET
1. Biasing the J-FET
2. Load line analysis

B. Mos FET
1. Depletion mode
2. Enhancement mode
3. Biasing the mos FET
4. Load line analysis
5. Equivalent circuit models

C. FET applications
1. Amplifiers
2. Oscillators

VI. Suggested Laboratory Exercises:

A. Laboratory exercises for Electronics. II may follow a similar
format to those for Electronics I. More emphasis should be
directed to component characteristirs and analysis. Exercises
may be focused on the following systems:

1. Integrated circuit or transistor regulated power supply
2. Feedback amplifiers and oscillators
3. Phase shift control of SCR speed control

B. Additional exercises may be included as necessary to cover
other concepts presented in the course.

SUGGESTED TEXTS:

Boylestad, Robert L. and Nashelsky, Louis. Electrohfc'DeViCet and
Circuit TheorY. EngIewood-Cliffs-,-NJ: PF@TEM4WITTEE77-1972.



Malvino, Albert Paul. Electronic PrInciples. New York: McGraw-Hill
Book Co., 1975.

SUGGESTED REFERENCES:

Alvarez, E.C. and Fleckles, David E. Introduction to Electron Devices;
Second Edition. New York: McGraw-Hill Book Co., 1974.

Cutler, Phillip. Linear Electronic Circuits (with illustrative problems).
New York: McGraw-Hill Book Co., 1972.

Faber, Rodney B. Introduction to Electronic Amplifiers. Columbus, OH:
Charles E. Merrill Publishing Co., 1971.



123

COURSE OUTLINE

T-ELN 123 ELECTRONICS III

February, 1976

Developed by:

Arthur Dunn, Lenoir Community College
Stewart Reed, Forsyth Technical Institute

Dr. Janaki Potukuchi, Central Carolina Technical Institute

ELECTRONICS CURRICULUM COMMITTEE

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA

97



COURSE OUTLINE

T-ELN 123 ELECTRONICS III

COURSE DESCRIPTION:

Continues the study of active networks. Emphasis is on the analysis
and design of both networks and active circuits. In addition funda-
mentals, design techniques, and typical applications of linear in-
tegrated circuits are introduced.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELN 122, T-MAT 103.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruc-
tion. As a minimum a studeltt shall:

(1) Match one amplifier stage to another Psing either
RC transformerior direct coupling methods,,and
compute the gain and frequenuiresponse.of the coup-
ling network.

(2) Predict overall gain of a multistage amplifier.

(3) Predict overall frequency response of_a_multistage
amplifier.

(4) Design the required amplifier system,,specifying
all components, assembling a breadboardlprototype
and testing performance .against specifications*en
given an audio signal source with a,set of%.Specl-
fications and a specific load.

(5) Design appropriate feedback circuits forAPPlifiers
to satisfy gain, bandpass, and impedance requirepents.

(6) Design feedback, biasszand frequency detaleinim
,networks for all standarCsinusoi;-1 04alletors .

such as Armstrong, Hartley, Colpitts,jiien4lrylge,
phase-4hift, and crystal Upes.

Select the test e9u1pmentaind.specifY;t4e testpro-
cedures needed tO,diedllosevanetroubleshoot

problems
in amplifier-and,oscillater Systems.
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(8) Draw the schematic diagram, design and specify all
component values, assemble a breadboard prototype
and test performance against the specifications,
such as output voltage, output current, regulation
and ripple factor when given a set of specifications
for a conventional power tupply and filter system.

(9) Design and specify all component values, assemble
a prototype and test performance against the speci-
fications when given a diagram for a given electroni-
cally regulated power supply.

(10) Select the test equipment and specify the test
procedures needed to diagnose and troubleshoot
problems in power supply systems.

(11) Test and evaluate a variety of the more common linear
IC devices such as, op amps, diff-amps, wideband amps,
and regulators. Representative tests may include
device dissipation, input/output impedances, input/
output offsets, bandpass, gain, and distortion.

(12) Specify and design external bias networks for linear
IC amplifiers.

(13) Specify and design feedback networks to control
gain and bandpass characteristics in linear IC ampli-
fiers.

(14) Specify and design oscillator feedback networks for
linear IC amplifiers.

(15) Select the test equipment and specify the test pro-
cedures for evaluating performance and diagnosing
problems in systems using linear IC amplifiers.

(16) Remove, test, and replace iC amplifier packages by
unsoldering and soldering.

CONDUCT OF COURSE:

The student at this point is ready to apply the theoretical and mathe-
matical skills acquired to the design of electronic circuits. An
understanding of fundamental design principles and the development of
sound design practices should be stressed. The material should be
presented as a design-oriented semiconductor electronics course
prepared around networks and circuits previously studied.
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SYSTEMS

ELECTRONICS I

QUALITATIVE (what) QUANTITATIVE (how)

COMPONENTS SYSTEMS

OUTLINE OF INSTRUCTION:

I. Amplifiers

A. RC coupled
S. Transformer
C. Multistage
D. Feedback
E. Operational (op amps)

II. Sinusoidal Oscillators

A. LC

B. RC

III. D.C. Power Supply

A. Half-wave
B. Full-wave
C. Regulated

IV. Active Filters

A. Low pass
B. High pass
C. Band pass
D. Band eliminator

' V. Linear Integrated Circuit Fundamentals

A. Terminology
B. Fabrication
C. Equivalent circuits

YI. Linear Integrated Circuit Applications

A. Amplifiers
B. Power supplies
C. Oscillators
D. Others

100
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. VII. Suggested Laboratory Exercises

A. Operating amplifier gain control
B. Frequency response control
C. RC oscillators using op amps
D. LC oscillators using op amps
E. Crystal oscillators using op amps
F. Active low-pass filters fabricate
G. Active high-pass filters - fabricate
H. Active band-pass filters - fabricate
I. Active band eliminator filters - fabricate
J. Swept frequency technique for determining the frequency

response of any network
K. Swept frequency technique for obtaining the characteristics

of filters and amplifiers
L. Regulated D.C. power supplies

SUGGESTED TEXTS:

Boylestad, Robert L. and Nashelsky, Louis. Electronic Devices and
Circuit Theory. Englewood Cliffs, NJ: Prent1ce-4Ia1lo-M:77172.

Malvino, Albert Paul. Electronic Principles. New York: McGraw-Hill
Book Co., 1975.

SUGGESTED REFERENCES:

. .
.

Deboo, Gordon J. and Burrows, Clifford N. Integrated CircnitS and Semi-
.

conductor Devices: Theory and Application AfteTort: Aceraw-mill, 1071.
..-.

Manera, Anthony S. 'Solid State Eledtrolnie'Citalits: .F6t'Engineettno_
Technology. New York; McGraw-Hill Book Co., 1973.

RCA Corporation. SolidState'Power'Cireuits: RCA Designers'Hatidbook;
Technical Series SP-52. Somerville, NJ: RCA Corporation, 1971.

SUPPORTING EQUIPMENT:

Oscilloscopes
Meters
Power supplies
Operational amplifiert.;
nequency counters
Passive components
Sweep oscillators
X-Y recorder or scope with camera
Junction boxes with rectifiers
Filter boxes
Cable connections
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COURSE OUTLINE

T-ELN 218 PULSE, LOGIC AND DIGITAL CIRCUITS

COURSE DESCRIPTION:

Emphasizes the study of wave shaping and non-sinusoidal wave generating
circuits using discrete and integrated components. Wave shaping topics
include simple passive wave shaping circuits and more complicated
wave shaping circuits using active devices. Topics covered under non-
sinusoidal wave generating circuits include multivibrators, sweep
generators, and other types of special purpose circuits using discrete
and integrated components. An introduction to Boolean algebra and its
applications for the simplification of logic circuits is also included.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-ELN 123, MAT 103.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering theAnaterial in the outline of ihstruction.
As a minimum a student shall:

(1) Differentiate between ideal and practical square
waves and pulses and identify the iMpoitant character-
istics such as rise time, over and under shoots and
sag of practical square waves.

(2) Use an oscilloscope to measure the above parameters
of any given square wave or a pulse sighal.

(3) Predict the outputs of R-C and R-L differentiatihg
and integrating circuits for given input tehditiOns.

(4) Discuss the-dependence of the output oh the time
constant of the circuit and the ftequiffq of the ihput
signal and select the correct time cotistant of the
circuit to achieve proper differentiatiofi and inte-
gration.

(5) Analyze and predict the outputs of simple clamping,
clipping and slicing circuits using L., C, or R components
and diodes for a given set of input conditions.

(6) Select from the above ciOcuits, an apptOpeiate wave
shaping circuit for a given set of inpft ahd OutOut
conditions, perform necessary measurements and be
able to discuss and compare the results with specifi-
cations.
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(7) Recognize tmportant practical applications of the
above circuits as well as their limitations.

(8) Recognize important advantages of using active devicas
such as transistors and IC op amps in wave shaping
circuits.

(9) Using active devices, recognize appropriate wave
shaping circuits and predict their output for a set
of input conditions.

(10) Recognize the differences between astable, monostable,
and bistable multivibrators and suggest practical
applications for each of these circuits.

(11) Select appropriate IC's and design astable, monostable,
and bistable multiviOrators and a Schmitt trigger for
given specifications.

(12) Draw a simple schematic of a sawtooth generator using
an IC op amp and discuss the dependence of the output
characterisitcs on the components used in the circuit.

(13) Identify the symbolic representation for digital
gates such as AND, OR, NOT, EX-OR, RAND, NOR, etc.
and write the Boolean expressions for their outputs.

(14) Prepare the truth tables for the above logic gates.

(15) Distinguish between lifferent logic families (TTL,
ECL, CMOS, Schotkky, etc.) and some important advan-
tages and limitations of each class.

(16) List simple Boolean theories (such as A+ T=1, A1=0,
A. 1=A, A+1=A, etc.)

(17) List the two De Morgan's laws and be able to apply
these lawl_f2r sjjnglication of simple expressions.
(such as A.B.0 +r, etc.)

(18) Use the simple Boolean theorems and De Morgan's laws
to simplify given logic expressions and implement
logic expressions using logic gates.

(19) Demonstrate in the laboratory, the ability to fabricate
the designed circuits and make necessary tests to check
conformity with specifications.

OUTLINE OF INSTRUCTION:

I. Waveform Analysis
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A. Ideal and practical rectalgular pulses

B. Periodic waveforms

C. frequency spectrum analysis

D. Bandwidth requirements of pulse amplifiers

II. RC Circuit

A. Charging and discharging of capacitors

B. Time constants
C. Charging and discharging equations

D. RC differentiating and integrating circuits

III. RL and RLC Circuits

A. Time constant of RL circuits
B:-'RL differentiating and integrating circuits

C. Transient response of series RLC circuit

D. Transient response of parallel RLC circuits

IV. Introduction to Pulse Transformers and Delay Lines

A. Ideal and practical-pulse transformers

B. Delay lines-general discussicn

C. Lumped parameter delay lines

D. Distributed parameter delay lines

V. The Diode Switch

A. Ideal and practical diode characteristics

B. Diode clamping and clipping circuits

C. Other waveshaping circuits using diodes

VI. The Transistor Switch

A. Basic transistor operation

B. Approximate anal-if-kis of transistor circuits

C. Loading effects
D. Transient operation of transistors

E. Transistor as an inverter

VII. Introduction to Mon-sinusoidal Signal Generating Circuits Using

Discrete Components

A. Bistablemultivibrators
B. Nonostablemultivibrators
C. Astable multivibrators
D. Schmitt trigger circuits

E. Sweep waveform generators

VIII. Introduction to Logic Gates and Boolean Algebra

A. Properties and symbolic representation of AND, OR, NOT, NAND,

and NOR logic gates
105
3

'v



B. Boolean expressions and truth. tables for the above gates
C. Boolean algebra, theorems and stmplication of logic expressions

using the Boolean theorems
D. Types of digital integrated circuits and their important

characteristics
1. ran-in and fan-out considerations
2. Noise margins

IX. Applications of Digital and Lifiear IC for the Generation of
Non-sinusoidal Wave Forms

A. Flip-flops of different types, and dtheir characteristics
B. Monostable multivibrators and Schmitt trigger circuits
C. Astable multivibrators
D. Sweep generators
E. Other wave generation and shaping circuits

SUGGESTED TEXTS:

Oppenheimer, Samuel.
Second Edition.
1973.

Mitchell, Brinton B
New York: Holt,

SUGGESTED REFERENCE3:

Semiconductor Logic
Columbus OW: Charles

and Switching Circuits;
E. Merrill Publishing to.,

Circuits with Experiments.. SemiconduCtor PUlse
Rinehart and Winston,

Tocci, Ronald J. Fundamentals of Pulse and Digital Circuits.
Columbus, OH: Charles E. Merrill Publishing Co., 1972.

Veat:h, Henry C. Pulse and Switching Circuit Action. .New York:
McGraw-Hill Book Co., 1971.

Veatch, Henry C. Pulse and Switching Circuit Measurements. New York:
McGraw-Hill Boa. Co., 1911.

A
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COURSE OUTLINE

T-ELN 219 DIGITAL FUNDAMENTALS

COURSE DESCRIPTION:

Emphasizes the study of combinational and sequential logic circuits
using discrete and integrated components. Topics include: binary
arithmetic, numbering systems, Boolean algebra, storing, timing, Wing,
and counting. Typical applications fin industry will be presented.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PUEREQUISITE: T-ELN 218.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Pefform conversion from one numbering system to another,
specifically binary, octal, and decimal.

(2) Calculate_problems of addition, subtraction, multipli-
cation, and division in binary.

(3) Draw and identify logic symbols for AND, OR, NAND,
NOR, and NOT gating circuits.

1

(4) Prepare and explain truth tables for all standard
gates, latches, and flip-flops.

(5) Explain and draw circuit element differences among
each of the logic families such as RTL, DTL, TTL,"
ECL and MOS.

(6)

(7)

Write Bbolean expressions for combinational logic.

Lmplement Boolean expressions using combinational logic
gates.

(6) Perform NAND conversions
using only NAND gates to
functions.

(9) Perform WJR conversions
using only NOR gates to
functions.

for all standard logic gates,
achieve all other gating

for all standard logic gates,
achieve all other gating



(10) Prove De Morgan's theorem using logic gates and truth
tables.

(11) Minimize a logic expression using Karnaugh mapping.

(12) Draw the logic diagrams of counters such as asynchronous,
synchronous, ring, mobius and modulo-N.

(13) Draw ttming diagrams for each of the counters listed.

(14) Explain the sequential operational events for each of
the counters listed.

(15) 'Draw arid explain basic digital encoding and decoding
systems.

(16) Draw and explain a basic parallel data transmission
system.

(17) Draw and explain a basic serial data transmission
system.

(18) Prepare truth tables for adders and subtractors.

(19) Draw and identify logic symbols for adders and
subtractors.

(20) Implement adders and subtractors using standard gates.

(21) Implement and test gating devices and systems included,
in the course when provided with appropriate and
sufficient hardware.

OUTLINE OF INSTRUCTION:

I. Review of Numbering Systems

A. Base 10
B. Base 8
C. Base 2
D. Binary to octal and octal to binary conversions
E. Binary to dectmal and decimal to binary conversions
F. Binary arithmetic

1. Addition
2. Subtraction
3. Multiplication
4. Division

G. Binary coded decimal

109
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II. Review of Logic Gates, Truth Tables and Written-Expressions

A. AND
B. OR
C. NOT
D. NAND
E. NOR
F. Boolean algebra

III. Types of Logic

A. RTL
B. OIL
C. TTL
D. ECL
E. MOS

IV. Combining Logic Gatos, Truth. Tables and Output Expressions

A.

B. etc.

C. AdditicIixamplu increasing in difficulty

V. NAND Conversions

A. AND - NAND with inverts
B. OR - negated input NAND
C. NOR - negated input NAND with inverter

VI. NOR Conversions

A. AND negated input NOR
B. OR - NOR with inverter
C. NAND - negated input NOR with inverter

VII. Conversion from Written Expressions to Gates (Implementation of
Expression)

p,
A Example

1. Draw schimatic for expression X -7413 + C
2. Solution:. row- c

B. Provide additional examples gradually increasing in dif-
ficulty

VIII. Designing with NAND Logic

A. Start with logic expression and draw schematic diagram of
original expression

B. Replace each gate with its equivalent NAND conversion

4 4 A



C. Remove double insertions and redraw schematic diagram
D. Provide several examples gradually increasing in difficulty

IX. Boolean Algebra

A. Correlate logic gates and Boolean algebra
B. De Morgan's theorem

1. Prove using gates and truth tables
2. Provide several examples for students to work

C. KarnaughL mapping
1. Threepvariable map
2. Four-variable map
3. Factoring

X. Exclusive OR

A. Schematic
B. Truth table
C. Implementation with NAND gates

XI. Other Gates

A. Exclusive NOR
B. Wired ANDrwired OR
C. Expanders
D. Buffers

XII. Flip-Flops

A. Latches
1. NAND
2. NOR
3. Invertors

B. Gated latch applications
C. RS flip4lop
D. D type flip-flop
E. T type flip-flop
F. JK type flip-flop

XIII. Counters and Registers

A. Asynchronous counters (ripple, up and down)
B. Synchronous counters (up and down)
C. Ring counters
D. Mobius counters
E. Modulo-fl counters
F. Shift registers

XIV. Parallel Data Transmission

XV. Serial Data Transmission

XVI. Codes and lecodes 111
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A. 8421
B. 2421
C. Excess . 3
D. Gray code
E. Mobtus decode
F. Manchester code

XVII. Arithmetic Operations

A. Half-adder
B. Full-adder
C. Half-subtractor
D. Full-subtractor
E. Parallel-adder
F. Serial-adder

XVIII. Read-out Devices and Decode Drivers

A. Nixie
B. Seven-segment

1. Tube
2. LaD

XIX. Converters

A. Analog to digital
B. Digital to analog

XX. Matrices

SUGGESTED TEXTS:

. - . .

Malvino, Albert Paul and Leach, Donald P. Digital Prioiploialpd
Applications; Second Edition. NeW York: Mcdiaw-Hill lOok Co., 1975.

SUGGESTED REFERENCES:

Baron, Robert C. and Piccirilli, Albert T. 'Di
Computer Operations. New York: McGraw

Bartee, Thomas C. Digital Cower Fugdamihttls4 Third Edition.
New York: McGraw-HilT Boorto., 1872.

.............. ..".,... I. .................. ...... .1

Levine, Morris E. Digital Theory and atiOen tht ;IC Cir-
cuits. Englewood Cliffs, NJ: Pren ce-Helf md.,

Texas Instruments Inc. De in th TTL'In rated.C1
New York: McGraw-Hil o 0.
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SUGGESTED EQUIPMENT:

Digital trainer and/or logic equipment with laboratory built
additions (see Electronics equipment list for suggested equipment)

Training manuals for the above equipment
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COURSE OUTLINE

T-ELN 237 INDUSTRIAL INSTRUMENTATION

COURSE DESCRIPTION:

A study of basic principles and instruments for the measurement and
control of industrial processes. Laboratory experiments in the
use and application of electronic, pneumatic, and hydraulic measure-
ment devices to measure temperature, pressure, flow, light, and pH.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-ELN 122, T-ELC 211.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruc-
tion. As a minimum a student shall:

(1) Specify appropriate input transducers to be used
in industrial control systems to measure temperature,
pressure, flow, level, light and pH.

(2) Specify appropriate output transducers and/or
devices for indicating, recording, displaying of
controlling industrial process parameters.

(3) Integrate,input and output transducers or devices
with electronic process control systems.
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And
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RALEIGH, NORTH CAROLINA
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COURSE DESCRIPTION:

COURSE OUTLINE

T-ELN 241 ELECTRONIC SYSTEMS I

A general survey of electronics systems with emphasis on their descrip-
tion in block diagram format. Systems to be studied are-those used in
communications, computing, measurement, and automatic control and others
of a specialized nature as appropriate.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 6.

QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-ELN 123.

OBJECTIVES:

Either during or upon completion of this course, 1the stochrt should pass
with a-proficiency determined by the Institution Oral:sod/Or ,Written
examinations covering the material in the outline einstril,ctioe. AS a
minimum a student shall:

-

(1) Understand the terms used:to descri,b0:1104r0o1040d/Ot
electrome0anicel. SysteMs.,

(2) Understand the block diagram format for applOis.of alec-
tronic.systems. -

(3) Synthesize overall sYstemt.aperatipo frOPO th...imowledge

of-characteristios-0700chlunctioraUSo0104hesyste,- .
r

(4). AnalyZe and understand the contrihOtiwpfloch lUIWOrs1
blockto overall-syStem PPV40014:'.

(5) Calculate overall. system,performaoce .414#0 urn .10r0-csse
performance of functional bleCks.-

.

(6) Use test instruments to analyze-an .0,sogned !Atop in the
laboratory.

(7) Identify functional tlocks of the .404,100:AVAPOM.
,

(8) Measure and document operating charecterist4p! of each
functiOnal block of the assigned sysi*Ol.

(9) AnalyZe the assigned System to identifY Arms ofP9ssiblo
error and simulate such errors where.P1SusIble.

.
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(10) Analyze an assigned problem.

(11) Design, in block diagram format, the system required to
accomplish the desired objective.

(12) Establish operating characteristics and specifications
for each functional block of the system.

(13) Construct and verify operation of the system to the
extent feasible.

CONDUCT OF COURSE:

During this course the
1

study emphasis should be on electronic systems from
a functional point of view. Each system is then examined or explored by
dividing it into appropriate functional blocks or units.

The types of systems to be studied should be selected to offer the student
the broadest background possible.

OUTLINE OF INSTRUCTION:

I. Introduction to Electronic Systems

A. Definitions and terminology
B. Block diagramming concepts

1. Signal considerations list representive of the various types
2. Interfacing techniques

II. Communication Systems

A. Purpose of communication systems
B. Typical communication eystems

1. Amplitude modulated
2. Frequency modulated
3. Single-sideband
4. Television
5. Microwave links

III. Measurement Systems

A. Purpose of measurement systems
B. Typical measurement systems

1. Metering
a. Non-electronic
b. Electronic
Counters 1183, Analyzers

2



a. Distortion
b. Frequency
c. Spectrum

4. Generators
a. Audio frequency
b. Radio frequency

5. Displays
a. CRT
b. Digital
c. Printer

IV. Computing Systems

A. Purpose of computing systems
B. Computer types (a classification, basic)

1. Digital
2. Analog

C. Typical computers (a classification by size)
1. Full size
r. Mini

3. Micro

V. Control Systems

A. Purpose of control systems
B. Typical control systems

1. Analog types
a. Servo-mechanisms
b. Electromechanical (relays)

2. Digital types
a. Numerical
b. Others

3. Electro-optic

VI. Other Systems

(These are to be chosen as considered appropriate student and
instructional needs)

SUGGESTED SYSTEMS:

Navigational systems
Radar systems
Telemetry systems
Ultrasonic and sonar systems
Data systems
Instrumentation systems

SUGGESTED TEXTS AND REFERENCES:

Adam, Stephen F. Microwave Theory and Applications. New Jersey:
Prentice Hall Inc. Latest Edftion.
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Angerbauer, George J. Electronics for Modern Communications.
Englewood Cliffs, NJ: Prentice Hall Inc., 1974.

Balakrishman, A. V. Communication Theory. New York: McGraw-Hill
Book Co., 1968.

Bannister, B.R. Fundamentals of Digital Systems. New York: McGraw-
Hill Book Co., 1973.

Belove, Charles and Drossman, Melvyn M. Systems and Circuits for
Electrical Engineering Technology. New York: McGraw-Hill Book Co.

Bennett, William R. Introduction to Signal Transmission. New York:
McGraw-Hill Book Co., 1970.

Blukis, Juris & Mark. Practical Digital Electronics. New Jersey:
Hewlett Packard Inc., Latest Edition.

Bull, Gordon M. Time Sharing Systems. New York: MtGraw-Hill Book Co.,
1972.

Chute, George M. and Chute, Robert D. Electronics in Industry;
Fourth Edition. New York: McGraw-Hill Book Co,

Clarke, Kenneth K. and Hess, Donald T. Communication Circuits:
Analysis and Design. Massachusetts: Addison-Wesley Publishing Co.,
1971.

Cooper, William D. Electronic Instrumentation and Measurement Techniques
New Jersey: PrenilCiTHAll Inc., 1970.

Dearholt, Donald W. and McSpadden, William R. Electromagnetic Wave
Propagation. New York: McGraw-Hill Book Co., 1973.

DeRossi, Claude J. Eploring the World of Data Processing. Virginia:
Reston Publishing c.o., 1975.

Dorf, Richard C. Modern Control Szstems; Second Edition. Massachusetts:
AddisonTWesley Publishing Co., 1974.

Doyle, John M. Pulse
Prentice Hall, Inc.

Eaton, J. R. Electric
Hall, Inc., 1971.

and Digital Circuits; Second Edition. New Jersey:

Power Transmission Systems. New Jersey; Prentice

Elgerd, 011e I. Electric Energx Systems Theory: An Introduction.
New York: McGraw-Hill Book co., 1971.

Grob, Bernard C. Basic Television: Principles and Servicing; Fourth
Edition. New York: McGraw-Hill Book Co.

4

120



Herrick, Clyde N. Audio Systemr. Virginie: Reston Publishing Co., 1974.

Herrick, Clyde N. Instruments and Measurements for Electronics. New

York: McGraw-Hill Book Co., 1972.

Humphrey, William M. Introduction to Servomechanism Design. New

Jersey: Prentice Hall Inc., 1973.

Kennedy, George. Electronic Communication Systems. New York: McGraw-

Hill Book Co., 1970.

Kosow, Irving L. Control of Electric Machines. New Jersey: Prentice

Hall Inc., 1973.

Mandl, Mathew. Modern Television Systems Theory and Servicing. New
Jersey: PrenITZTHall Inc., 1974.

Mandl, Mthea Principles of Electronic Communication. New Jersey:

Prentice Habl Inc., 1973.

Northrup Institute of Technology. Electricity and Electronics for
Aerospace Vehicles; Second Edition. New-York: Maraw-HiI1 Book Co.,

1972.

Norton, Harry N. Handbook,pf Transducers for Electronic Measurtmq
Systems. New Jersey: Prentice Hall, Inc., 1969.

Robinson, Vester. Basic Principles of Digital Computers. Virginia:

Reston Publishing Co., Inc., 1974.

Robinson, Vester. Handbook of Electronic Instrumentation, Testing .

and Troubleshooting. Virginia: Reston Publishing Co. Inc., 1974.

Schrader, Robert L. Electronic Communication; Third Edition. New York:

McGraw-Hill Book Co., 1975.

Stanley, William. Digital Signal Processing. Virginia. Reston

Publishing Co. Inc., 1975.

Temes, Lloyd.
McGraw-Hill

Thomas, Harry
Virginia:

Communication Electronics for Technicians. New York:

Book Co., 1974.

E. HandbooK of Biomedical Instrumentation and Measurement.
RestOFFETishing Co. Inc., 1974.

Wheeler, Gershan J. Radar Fundamentals. New Jersey: Prentice Hall Inc.,

1967.

Zeines, Ben. Electronic Communications Systems. New Jersey: Prentice

Hall Inc., 1970.

Zeines, Ben. Automatic Control Systems. New Jersey: Prentice Hall Inc.

1972.

5
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COURSE OUTLINE

T-ELN 242 ELECTRONIC SYSTEMS II: COMMUNICATIONS

COURSE DESCRIPTION:

Introduction to fundamental aspects of electronic communication systems
with special emphasis on need for modulation, types of modulation,
frequency spectra and bandwidth requirements. Qualitative study of
the Principles of AM, SSB, and FM including the generation and detection
of signals and their frequency spectra. Transmission and propagation
of radio signals will be studied.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 241.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency interajned by the institution oral and/or
written examinations covertng-the material in the outline of instruction.
As a minimum a student Shall:

(1) Xplain how RF energy propagates along a transmission
line and compute reflection-coefficients and VSWRs
for given loads and characteristic tmpedance.

--,4(2) Distinguish between Hertiian and Miirconi antennas-WM
respect to such perimeters as polarization, character-
istic impedance, best employment, radiation patterns,
directivity and gain.

(3) Recognize and explain the construction, advantages,
and disadvantages of the more common types of antenna
arrays.

(4) Demonstrate =potence in the use of the Smith Chart
to include ellving for VSMR; location of nulls, loads,
shorts and opens; and placement and length ofstub
tuners.

(5) Identify the type tuned circuits used in receiver,
input circuits, transmitter output circuits, and
other electronic applications.

t.
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(6) Identify from comparisons and schematics the various
types of oscillator used in communications, e.g. Hartley,
Colpitts, Pierce, and crystal.

(7) Explain the theory behind biasing and neutralizing
methods, why and where used, and in detail, how
amplifiers work in communication circuitry. With proper
supervision in accordance with FCC Rules and Regulations,
the student should be able to danonstrate in the
laboratory that he can:

a. Load a transmission line to obtain a flat response,
or 1:1 VSNR.

b. Design and erect a simple dipole that will resonate
on a given frequency within an acceptable VSNR.

c. Solve transmission line problems with the use of
the Smith Chart in an expeditious and accurate
maftner._

d. Develop sound troubleshooting procedures using
both signal injection and signal substitution
methods, static testing, dynmmic testing and, as a
minimum, identify simple malfunctions in amplifier
and oscillator circuits used at radio frequencies.

e. Utilize properly those instruments coomonly used
in commmnication engineering technology e.g. SWR
bridge, grid dip oscillator (or tunnel dipper),
antenna current meter and other RF recording
instruments, transmatchers.

I. Tune a receiver to a CW,AM, and SSB signal so
that each can be heard and understood easily
and categorized using standard RST reporting
procedure.

OUTLINE OF INSTRUCTION:

I. Amplitude Modulation

A. Principles
B. Mathematical description.of waveform
C. Percent modulation
D. Power content in carrier and in sidebands
E. Components of the AM transmitter
F. Modulation amplification
G. Classes of modulation
H. Early tYpevof receivers

.

I. The WOOrtleterodyncrecelver
J. Receiverperformancet,sensitivity, selectivity, stability
K. Reception of CW4. the OF0 y .

L. Frequency conversion.and bandpasi



Frequency Modulation

A. Principles of angle modulationB. Mathematical description of waveformC. Noise and the AM signal
D. Frequency deviation and noise
E. Direct and indirect methods of generating FM signalsF. Reactance modulation
G. Multiplying and hetero4yningH. Limiters; detector; the ratio detector; the gated-beamI. Preemphasis and deemphasis; squelch circuits

III. RF Phenomena

A. Fields of energy
B. The Poynting vector
C. Propagation of Rr energy
D. The TEM mode

IV. The Transmission Line

A. Purpose
B. Characteristic topedance
C. Lumped constants
D. Impedance matching

V. Antennas

A. Elementary types
B. Radiation resistance and powerC. Gain and directiVitY_
D. Impedance matching; polarizationE. Antenna arrays

VI. Propagation of RF Energy

A. Sky, space, and ground waves
B. Atmospheric effects, general
C. The ionosphere
D. Predictions

VII. The Smith Chart

A. The reactance chart
B. Advantages of the Smith Chart
C. Plotting X, Y, and VSWR
D. Radial scales
E. Stub tuning
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Tuned Circuits

A. Series circuits

B. Parallel circuits

C. RF coupling

IX. RF Amplifiers and Oscillators

A. Feedback
B. Types.0 amplifiers and oscillators

C. Biasing

D. Neutralization
E. Crystals

SUGGESTED TEXT:

Temes, L. Communication Electronics for Technicians. New York:

McGraw-Hill Book Co., 1974.

SUGGESTED REFERENCES:

Kennedy, G. Electronic Communication Systems. New York: McGraw

Hill Book Co., 197.0.

American Radio Relay League. The:Radio Amateur's Handbook. Conn: 1976.

Shrader, R. Electronic Communications. New York: McGraw-Hill

Book Co., 1967.. ,
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COURSE OUTLINE

T-ELN 243 ELECTRONIC SYSTEMS III: COMMUNICATIONS

COURSE DESCRIPTION:

Study of specializedelectronic
communication systems such as TV,microwave, radar, and optical communication systems. Discussion ofsampling and pulse systems including techniques of multiplexing suchas PAM, PDM, PCM, and PPM.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 242.

OBJECTIVES:

Either during or upon completion of this course, the student shouldpass with a proficiency determined by the institution oral and/orwritten examinations covering the material in the outline of instruction.As a minimum a student shall:

(1) Recognize, through the use of instrumentation suchas the oscilloscope, typical AM, SSB, and FMkwaveforms.

(2) Develop the basic equations involved with AM, andSSB, to show the relationships existing betweencarrier and sidebands in these types of MOdulatJon.

(3) Solve problems dealing with percent of modulation,
frequency deviation, frequency swing, and similarparameters important to AM, SSB and FM signals.

(4) Understand the theory behind the various types ofpulse modulation and multiplexing, particularlywith respect to PCM and TDM.

(5) Distinguish between the requirements-foi-ihe trans-mission of analog and digital Oata and display aknowledge of interfacing the UART chipwith'iMch
devices as the teletype, CRT and modems.

In institutions emphasizing broadcast communication the student should,in addition to the above, be able to:

(6) Describe in detail the components of the typcial
broadcast station.
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(7) Develop a program distribution plan that utilizes
to advantage a typical master control room, remoting
of broadcasting transmitters, and telephone company
facilities.

(8) Identify likely causes of trouble in the audio and
RF circuitry of the broadcast tr..Ansmitter.

(9) Discuss the advantages and disadvantages in using
AM or FM at the broadcast station, to include modulation,
limiting and compression circuits.

(10) Compare the various types of equipment found at the
typical broadcast station; e.g. microphones, recorders,
stereo and multichannel facilities.

In institutions emphasizing TV communication the student should, in
addition to the qualifications stated in paragraphs 1 through 5 above,
be able to:

(11) Identify the major components of the monochrome and
the color receiver.

(12) Describe completely the operation of the iconoscope
and the image orthicon tubes.

(13) Describe the composition of the TV frequency channel
in complete detail.

(14) 'Demonstrate a working knowledge of composite video,
synchronization pulses and vertical Unchrononization.

(15) Discuss the addition0 requirements of the color TV
set to include hue, color, luminosity, Y signal, and
chrominance signals.

(16) Describe in detail the multiplexing of I and Y
signals into the Y signal and the composite video
signal.

In institutions emphasizing microwave communications, the student
should be able to, in addition to the qualifications enumerated in
paragraphs 1 through 5 above:

(17) Explain the reasons for the development of the klystron
tube, the problem with density modulation, and how the klystron exploits
the theory of velocity modulation.
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(18) Discuss the basic theory.involved in the use of such
typical microwave hardware as the slotted line,
waveguides, various tees, isolators, circulators,
crossed field amplifiers and linear beam amplifiers
or oscillators.

(19) Explain exactly how, in what modes, RF energy is
propagated at microwave frequencies.

(20) Identify the type losses and attenuation encountered
at microwave frequencies, how to measure them, and
the extent to which they affect routine measurements.

(21) Discuss the advantages and disadvantages of the various
solid state devices and generators existing today
in the microwave engineering technology area.

In institutions emphasizing the telemetry communications, the student
should, in addition to the qualifications listed in paragraphs 1 through
5 above, be able to:

(22) Explain the general requirements for transmitting
and receiving telemetry to include types of sensors
and signal conditioning.

(23) Distinguish between and discuss the advantages/
disadvantages of FDM and TDM to include demodulation
techniques, specific applications and relative
.importance of each to modern communications.

(24) Describe fully existing display techniques and systems
used in modern telemetry.

In institutions emphasizing radar communications the student should,
in addition to the qualifications enumerated in paragraphs 1 through
5 above, be able to:

(25) Discuss the components of the basic radar system.

(26) Identify the major properties or characteristics of
typical radar targets.

(27) Describe in detail the capabilities and limitations
of both pulse and CW radar in terms of range, PRF,
scanning speed, bandwidth, power, clutter, information
rate, and effectiveness against stationary as well
as moving targets.
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(28) Discuss the various methods by which radar data is
presented e.g. azimuth, height, range, speed.

(29) Explain how radar is useful in such areas as navigation
on land, sea, and air, plotting, control and relaying
of information.

OUTLINE OF INSTRUCTION:

I. Pulse Modulation and Multiplexing

A. PAM, PTM, PPM
B. Advantages and disadvantages of PCM
C. MUltiplexing, general
D. FDM, TDM
E. FSK; ASCII and Baudot coding

II. Microprocessors in Communications

A. Parallel data transmission
B. Serial data transmission
C. Asynchronous serial data transmission
D. Use of the UART
E. Interfacing techniques

III. Single Sideband

A. Princioles
B. Methods of generation
C. The balanced modulator.
D. Advantages and disadvantages

IV. Specialized Systems

A. Broadcasting
B. Television
C. Microwave
D. Telemetry
E. Radar

V. Broadcasting Option

1. The Broadcast System
a. Program origination facilities
b. Physical layout of broadcast (BC) studio
c. Types of consoles
d. Complete control room
e. Attenuation and VU meters

131



2. Program Distribution
a. Master control room
b. Remote broadcasting
c. Telephone company facilities

3. Transmitter Plant
a. Audio facilities
b. RF facilities

4. Fidelity
a. Measure of qual
b. Limitations of ustak
c. Advantages of
d. Percent modulatiqn
e. Limiting and costweAsion

5. BC Microphones
a. Carbon, crystal, ant CeraWIC
b. Velocity and dynamia
C. Condensor
d. Three basic directive patterns: polars, s404449. 1441rec-

tional
e. Polar response
f. Broadcast microphones: layalian, ptow 44mtima

6. Studio Techniques
a. Microphone placement
b. Studio acoustics
c. Measuring audio levels
d. BC audio staNards
e. Attenuators

7. Program Recording
a. Disc playback equipmant
b. Program recording
c. Tape recorders

. d. Stereo and multichannel recolNiRg
8. Audio Signal Froce;094

a. Studio and tr4.6.1141PF 14;4#40
b. Line equalizers
c. Volume comPrinaa.. .10p #04 PilitiNj
d. Frequency and Illacilaktiga MiiipiWPTA9

9. BC Transmitter
a. AM
b. FM
c. Power supplies
d. Control system
e. Protective cirOilits 441 c00119

10. TV System
a. Camera, till*, Vifill; fInd Ø4 P*01414119/
b. Scanning and i gmell44
c. Video signal
d. Camera chains
e. Transmission and
f. Video pairs, way

F.
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g. Encoding and cameras
h. Film equipment
1. Video switching, distribution systems, tape and recorders
j. Color transmitter operation, test equipment and remote

control.

VI. Television Option

1. Monochrome
a. Receiving picture tube
b. Picture format, scanning, standards
c. The iconoscope
d. The image orthicon
e. Composite video
f. Synchronization pulse
g. Vertical synchronization
h. Composition of TV frequency channel
i. The receiver
j. The transmitter
k. The antenna system

2. Color
a. Hue, primary colors saturation, luminosity
b. The Y signet
c. Chrominance signals
d. Forming the video color
e. Transmission of chrominance signals
f. Multiplexing I andQsignals into Y
g. omposite video system
h. Receiving; demodulation
i. The picture tube

VII. Microwave Option

1. The Klystron
a. Density versus velocity modulation
b. DeveloPmont of the kTystron
c. MulticavitY and reflex klystrons
d. Capabilities and limitations

2. The Slotted Lim,
a. Purpose and usefulness
b. Basic theory
c. Importance in microwave measurements

. The Waveguide
a. Transmission line, general
b. Review of the TEMmode
c. TE and TM modes
d. Propagatfon of energy through rectangular waveguide at

microwaye frequencies
4. Waveguide Components

a. E and H plane tees



b. Hybrid junction; hybrid ring

c. Crossed field tee
Attenuation
a. types
b. Measurement
c. Directional coupler

6. Antennas'''.
a. Methods of propagation

b. The dipole, the horn and the parabolic reflect&

c. Measuring Power and voltage patterns
d. Radiation plotting; Pfl

7. Microwave devices and generators
a. Ferrite isolators
b. TW; BWC
c. Magnetrons
d. Parametric amplifiers

8. Solid State Devices
a. Schottky barrier diode mixers and detectors

b. PIN diodes
c. IMPATT-TRAPATT devices

d. GUNN and ISA devices
e. BARITT devices
f. Step recovery diodes
g. YIG tuned oscillators
h. Masers and lasers

VIII. Telemetry Option

1. Generai
a. Types of sensors .

b. 'Signal conditioning
2. FDM

a. General
b. KO
c. Data ,degradation r------

3. Frequency 'Division' Demultipiexing

a. Filters ,/

b. Pulse-averaging detettion
c. The-PLL
d. OutOut filier

e. Discriminant specifications

4. TDM
a. Fixed time and demand multiplex
b. SOmPling rate
c. &die ilettrOO WitiOleeieg Orooit
d. Alle100..W4101tet converter

c Data tomOreeeiPh
f: Tape coding ahd:femeatting

9. .Ma vIrek--ei+Ors: digititing

eilifronMehteh aging

LgIt:T2:-,?ast,



5. Time Division Demultiplexing
a. Decommutation
b. Synchronization

timing and DC levels
d. Distribution of data/analog and digital

6. Display Techniques
a. Basic displays: electroluminescence, laser light electronbeam, mechanicalfdeflection, electric
b. Systems: Eido5hor oil filter, GE thermoplastic filter,andPkel electro-optics
c. Considerations: data rate and response time, quantity of

data visibility; quality

IX. Radar Option

1. Components of radar system
2. The radar equation
3. Propertik of radar targets

a. Cross-section
b. Rayleigh scattering
c. Corner reflection
d. Tsrget shaping.
e. Complicated targets
f. Ground painting bY airborne radar

4. Limitaticns of pulse radar
a. Range, PRF, and scan speed
b. Bandwidth, power, and information rate
c. Pulse and CW radar

Abtter
e- *Peng targets,
F. Stationary targets

S. C Wrader
a. General;
b.- Iransmitter spectra
c. Target effekt
d., Classes -of ,Systems
Presentation of Radar Data
a. TyPeVof inditators
b. Major operational requirements:

finf, control, height finding
tracking

c. Calibration
7. Employment of Radar Data

a. Aid to navigation
b. Aid to plotting and control
C. ROO, of radar displays

8. Radar. Beacon
a. System
b. IFF
c. Coding
d. Statistical considerations

:trytej
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SUGGESTED TEXT:

Temes, L. Communication Electronics for Technicians. New York:McGraw-Hill Book Co., 1976.

Lance, Al. Introduction tp Microwave Theory and Measurements.
New York: McGraw Hill Book Co., 1964.

SUGGESTED REFERENCES:

Mandl, M. Principles of Electronic Communications. Englewood Cliffs,NJ: Prentice Hall Inc., 10/3.

Chaffin, R.J. Microwave Semiconductor Devices. John Wiley & Sons Inc.,1973.

Kraus, J. D. and Carver, K.R. Electromagnetics. New York: McGraw-HillBook Co., 1973.

Angerbauer, G.J. Electronics for Mbdern Communication. EnglewoodCliffs, NJ: Prentice Hall Inc., 1972.

Analog Devices. Analog Digital Conversion Handbook. Norwood, MA.1972.

DeFrance, JJ. CommUnication Electronics Circuits. New York: Holt,Rinehart & Winston Inc., T976.

Adams, S.F. Microwave Theony and Applications. Englewood Cliffs NJ:Prentice RiTIInc., 1969.

Ridenhour, LN. Radar System Engineerinit New York: McGraw-Hill BookCo., 1947.
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COURSE OUTLINE

T-ELN 246 ELECTRONICS DESIGN PROJECT

CORSE DESCRIPTION:

en reSROrc, 4P, e/119the'StUdent: The stUdint eCt 4 079.144'In'00064iTRORO:.with1the inatrUCtorrperform th0 r044100,r0000041; compi1,4001 ,
,

O't000041t01 m0.044004o00004ctest; 000'001400 4:00t010010001''Ofthe'selected projeCt._

comg HpyR6 PER WEEK: Class, 0; poorotory, 6.

(40,#* HOURS CREDIT: 3.

pRERMISITE: T-ELN 241.

Having chosen a project and when presenting it for instructor's Approval .,

.the student Should be able to:

(1). Explain the reaS9n$ for choosing Such a project.

(2) ExOlain the operation 400 SPOCificatiOnAle the:project.

(3) Estimate the approximate cost of the project.
,

(4) Estimate the:amount of time it would tAse t9;c9,ples
the project,/

Iontify any specia1,0000404
11,0,4* tbelr comP10espeeffitotons and.'4 SPIT* Ow 010 001:00.0*procured: /

After getting instructors Apprroval, the 04400 0hool4wIthlo e.
, , .reatOnable period oftiltie ho Able to.:

(5)

(6) Complete design of Other all Qr tho44: 4 4iot thoProject that are vt1th,t0 Vwf scoptt, ott tAtt
(7) Explain the operAti011

ckff,00 proost t one
Oth techni4F siro1414040.eqtVW

(8) Present, througt 'vivant sAtteptio, raystiaga.,
information rat ,t(14, to: lieMy; fc4o, AS.;
assemblY Proc400444 OC;,
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After appiroval of his plans, the student should be able to:

(9) Complete the project on a breadboard model and
verify the operation of the complete unit.

(10) If the unit does not work, troubleshoot and test the
project systematically and be able to make any
adjustments or corrections that are necessary and
make the unit operative.

(11) Assemble the unit in final form for presentation,
after confirming that the project performs according
to specifications.

(12) Perform final tests on the project and evaluate its
complete performance.

(13) Write a technical report that includes all drawings,
results of tests performed, the technical specifi-
cations and other relevant material.

(14) As a final step, the student may present his work
to the class and satisfactorily answer any questions
that might come up during the discussion.

OUTLINE OF INSTRUCTION:

I. Selection of Individual Projects

A. General information
1. Requirements of advisor
2. Time and cost limitations

B. Individual student selection
C. Advisor's approval

II. Project Development

A. Research into background material
B. Compiling preliminary data
C. Submitting preliminary report to advisor

1. Specifications
2. Functional descriptions
3. Block diagrams

D. Construction of working model (if feasible)
E. Compiling final data
F. Submit project and final comprehensive report to advisor

for evaluation

139
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SUGGESTED REFERENCES:

Handbooks
Manuals

PeriOdicals
--Naoufacterers specification sheets
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COURSE OUTLINE

T-ELN 247 ELECTRONIC SYSTEMS II: COMPUTERS

COURSE DESCRIPTION:

of digital computer systems. Emphasis is placed on the Mini/micro
computer variety currently being used in industry. The lab will provide
practice in manipulating the hardware And software associatedwith such
computers.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 241.

COREQUISITE: T-ELN 217.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Explain the function of each instruction associated
with a given computer.

(2) Explain the function and demonstrate the use of each
operattonal control or switch associated with a given
computer.

(3) Draw the block diagram and explain the function of
each block or subsystem of a given computer.

(4) Explain the function and demonstrate the use of each
piece of peripheral hardware for a given computer.

(5) White a program using the instructions available for
a given computer when given a flow chart Of a program.

(6) Develop flow charts for computer programs.

(7) Write programs utilizing all instructions associated
with a given computer.

(8) Store and run any program written for a given computer.

(9) Debug programs utilizing any special instructions and
procedures available for a given computer.



CONDUCT OF COURSE:

The course is designed to provide instruction and practice in'writing
programs utilizing a computer's instructional repertoire and then
inplementing the programs, through the full input/output capability of
the machine. In addition the functional aspects of the various subsystem
blocks of the computer will be covered to the extent that the student
can understand how an instruction is executed. An investigation of
other associated peripheral hardware may Be included.

OUTLINE OF INSTRUCTION:

I. Introduction to the General Characteristics of the Computer.

A. Physical layout
B. Memory capability.
C. Peripheral capability

II. Internal Organization

A. Displays and registers
B. Control section
C. Arithmetic section
U. Memory section
E. Input/output section

III. Ouerating Controls

A. .Manual controls discussion
, Automatic controls

IV. Instruction Definition

Operation code
Operand address

. Format for programming sheet

V. Program Development

A. Flow charting basics
B. Menomic codes
C. Interpretation of an instruction description
D. Practicesolving simple problems through flow charting

VI. Programming the Basic Arithmetic Instructions

A. Clear and add
B. Add
C. Subtract

2
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VII. Operating Instructions for the Teletype-Print-Octal Function

A. Print answers to arithmetic problems
B. Print out contents in memerY

VIII, Operating Instructions for the Paper Tape Punch Mechanism

B. Making alpha format paper tapes

IX. Operating Instructions for the Paper Tape Reader

A. Reading an octal format tape
B. Reading an alpha format tape

X. Programming Alpha Format Instructions

A. ASC II code
B. Writing programs with alpha data

XI. Programming Advanced Arithmetic Instructions

A. Multiply
B. Shift right and left

C. Divide
D. Octal to alpha conversion/alpha to octal conversion

XII. Programming the Indexing Instructions

A. Index and add
B. Index and subtract

XIII. Programming Decision Making Instructions

A. Branch on zero
B. Branch on negative
C. Branch on overflow

XIV. Programming the Subroutine Instruction

A. Subroutine format
B. Kinds and examples of subroutines

XV. Methods to Debug a Program

A. One-step analysis
B. Display instruction
C. Break instruction

Analysis of Steps Within the Execution of an Instruction by the
Machine-

A. Phase counter



B. Function register
C. Fetch and exout parts of an instruction

XVII. Memory Section

A. Simplified core theOrY
1. Half and full select currents, I and Y lines

2. Inhibit and sense lines
BT--Addpess-pag4siiarfunction
C. Memory register function

SUGGESTED TEXTS:

Manuals supplied with computer system.

SUGGESTED REFERENCES:

Baron, Robert C. and Piccirilli, Albert T. Dig1talLOgicandCoflpUter
Operations. New York: McGraw-Hill Book Co., 1967.

Bartee, Thomas C. Di ital Com ut r Fundamentals; Third Edition.
New York: McGraw4Iill Book o., .

Deam, Nuchow and Zeppa. Digital Computers; Latest Edition.
Reston VA: Reiton Publishing Co.

Dickey, Lorry W. IntroduCtiOn to Computer Concepts: Hardware
and Software. Englewood-Cliffs, NJ: Prentice-Na1irTHE77-1974.

Robinson, Vester. Basic Principles of.pigital Comuters. Reston VA:
Reston Publishing Co., 1974.

SUGGESTED EQUIPMENT:

Training type compter of the minicomputer type with teletype-
writer unit interfaced with the compuI;:r. T1A teletype unit should
be complete with a paper tape punch vid re!,,0 (tee Electronics
equipment list for suggested computes trAi.

Operators manuals for the above hardwor.

Paper supplies for the teletype unit

4
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COURSE OUTLINE

T-ELN 248 ELECTRONIC SYSTEMS III: COMPUTERS

COURSE DESCRIPTION:

This course deals with the detailed theory of the computer systms pre-

The lab consists of digital measurements in support.of operation theOry
followed by actual troubleshooting practice, dealing with Systems
analysis and diagnostic procedures.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 247.

OBJECTIVES:

Either during or upon completion of this courser-the-student-MOM--
pass with a proficiency determined by* the institution, oral And/of.

written examinations covering the material in thCoutline of inetrUction.
As a minimum a student shall:

(1) TraCe logic signal paths on the schematic diagram of
a given computer.

(2) Explain the operation of each section of thedoiputer
from a bit-by-bit logic analysis.

(3) Identify any logic signal oh the scheMaiite 'al**
and locate the actual test point in the' coMputer.

(4) Establish a timing display on a multic1inne OSctloscope
for any,dynamic operatioh of any subSyStetkot in the
computer.

(5) Proficiently use a multichannel triggered. adtlletcope.
for establishing ttmtng display measUreietiiti:

(6) Demonstrate the use of logic prphes in tiftOrM1th00
logic levels at any cirCuit point th the aaliOdte.

(7) Extract, examine and replace circuit dab.

(8) Explain and dimonstraie the use of diagnostic programs.

(9) Develop diagnostic programi peculiar to aPedfftc test
routines.

(10) Given a problem in same specific part of the coMputer,
he can ky the'use of diagnostic procedures, isOlate



the probable cause tc a defective gate, connection,
or switch..

As a means of analyzing ihe problem, Write a detailed
diagnostic report, which should include a diagnostic
program which he has developed, a systemaiic testing proce-
dure, and a speculation as to the probable cause of the
malfunction.

(12) Demonstrate the operation and application of aRy
s ecialized di ital c uter testin in trume

OUTLINE OF INSTRUCTION:

I. General System Schematic Diagrams

A. Coordinate system
B. Logic signal index

II. Access to Logic Test Points in the Computer

A. Cross-reference from schematic to the front panel
B. Rear panel connections

III. Logic Probe Operation

A. Static display
B. Pulse display

IV. Dual-trace Oscilloscope Operation

A. Synchronization to a reference signal
B. Pulse timing from one signal source to another

V. Analysis of the Control Section

A. Clock
B. Clock counter
C. Clock counter decodes
D. Phase counter
E. Phase counter decodes
F. Shift counter

VI. Analysis of the Memory Section

A. Coincident current
B. Clear/write cycle
C. Read/restore cycle
D.. Sense and inhibit windings
E. X and Y selectionlmatrices
F. Address register

2



111110.

---- G. Mdmory register
H. Memory cycle timing
I. Memory cycle logic and ttming waveforms

VII. Analysis of the Arithmetic Section

A. Accumulator
B. B register
C. Adder

ir13-133rliriretcrT--.ercor.
E. Adder timing
F. Adder timing waveforms

VIII. Analysis of the Input/Output Section

A. Computer keyboard
B. Ptogramming controls
C. Teletype control section
D. Tape reader control section
E. Card reader control section
F. I/0 timing waveforms

IX. Instruction Timlng Analysis"

Examp 1 e instructions should be analyzed

carried out step-by-step

Diagnostic Program Writing

A. Special diagnostic instructions
B. 'Diagnostic printout procedures

XI. Troubleshooting Coritrol

A. Special halt conditions
B. Repeat instruction control

XII. Troubleshooting Practice

NOTE: If the computer is equipped with trouble switches, the 'student
should list the sYmpteme of eiOn problem, write On opProPriate
diagnostic program, determine a systematic step*by*step
procedure, analyze the'test data and speculate auto the pro.
bable cause of the Problem.

SUGGESTED TEXTS:

Manuals supplied with computer system.
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SUGGESTED REFERENCES:

Baron Robert.C. and Pi.cctrillt, Albert T. Di
C s. New.Vork: McGraw-ti

.+4_614t.a.wri_stiTunId-Metals. Third Edition.Bartee, Thomas C.-1)f i
New York: McGraw

Deam Nuchow and Ze
......10.1010010.0.1.10~0.4.r11

Dickey, Larry W.
and Software.

Robinson,. Vester. Bette Pititofs
RestOn PUblishing Co.."

NatdWiiie
rerl 1914.

.1i;.o"f***D.1.a..its.1 CdairiOters. Reston V

SUGGESTED EQUIPMENT:

Same computer as used for T-ELN 247
Theory and maintenance manuals for above computer
Dual-trace oscilloscope
Logic probe (see Electronic Equipinent List)
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COURSE OUTLINE

T-ELN 249 ELECTRONIC SYSTEMS II: AUTOMATIC CONTROL

COURSE DESCRIPTION:

Automatic control concepts including calibratiOn, measurement and
SWUM ete intfodUted. LaWitory igettiiii-100 prole@ iqn
simulated or generalized measUreMent and contrerl'aY*Oklitt-inilude-
iddicators, recorders, and controllers. liaphiSis,U,OlaCild ta frbetts
orlyitiMatabilitY 'IAN lariats Wes of cdflthillert. rinal COntrOl
elements and their Characteristics are studied. Goaphical-analyses and
srlutions of process control systems are included.
Prerequisite: T-ELN 241.

;

COURSE HOURS PER WEEK: Class, 5; Laburatory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITES: T-ELN 241.

OBJECTIVES:

Either during or upon completion of this courte, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the Material in the outline of inttruc-
tion. As a minimum a stddent Shill:

(1) Define the technical meaning of:

a. Terms peculiar to meatOreMent of control variables,
control agents, and controlling means

b. Measuring PareMeters
c. Process Characteristics
d, Terms peculiar to idtchatic control technology

(2) Analyte, eVeluife, select; specify and *eceliMend types
of controllers bised on open46pp ana Cl6sed-1oot
system response.

(3) Mom When and bow to aPfily the s of
centrollers fOr spite" itability end 6Øt control:

a. On=off .(two_tkistthiti)
b. 'PropOrt10041

c. PrePdOtibM Plus 'automatic Otte
d. Pedliortitinal Plitt Atillatte fait Oa tate
e. Cascadeo441041
f. Compdter centrei

(4) Demonstrate a knoWledge of controllers in the
laboratarY bY adjusting lbráttflg alii4ffied
&aorta,* Sabaltlittki!, 111060, cMritettsttcs,
electOOnlco'Pteamatic-0 i dhrdr&ui1C relliOS
that modulate finatoOntrOire



(5) Show that the need for operating procedures is to
maintain the variable at a desired set point.

(6) Describe the characteristics of the various types
of control valves and their selection for optimum
systems response to maintain the variable at a
set point.

(7) Analyze system characteristics by transient or
frequency response and by graphical plots of
system equations.

OUTLINE OF INSTRUCTION:

I. Measurement and Control

A. Definition of terms
B. Characteristics of measurinTfunction
C. System characteristics

II. Automatic Control

A. Control elements
1. Primary measuring element (the process variable)
2. Measuring function (transmission methods)
3. Controlling function (transmission methods)
4. Final control elements

B. Characteristics of automatic control
1. Reset (on/off or floating)

a. Manual reset
b. iAutomaticréset (integral)

2. Proportional (position and time)
a. Proportional band (gain)
b. Proportional plus reset

3. Rate (derivative)
a. Plus reset

.b. Plus_proportiona1_
4. Proportional plus reset plus rate

C. System control of process
1. Types of automatic controllers
2. Final control elements
3. Cascade control
4. Computer control

III. System Stability

A. System characteristics reviewed
B. Selection of the system controller

2
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C. Adjustment of controller for optimum response and system
stability
1. Transient response due to step input
2. Evaluate variable response of system

IV. Experiences with Types of Controllers

A. Electronic controllers
B. Pneumatic controllers
C. Hydraulic controllers
D. Final control elements

V. Characteristics of Final Control Elements

VI. System Analysis by Graphical Solutions

A. System characteristics reviewed
B. Transient response to step input

(the time constant method)
C. Frequency response

(the Bode plot)
D. Controller forms
E. Process and controller combined

(the closed-loop system - feedback)
F. System disturbances
G. Control system design

SUGGESTED TEXT AND REFERENCES:

Kirk, Frankie W. and Rimboi, Nicholas R. Instrumentation; Second
Edition. Chicago, Ill: American Technical Society, 1966.

Tyson, Forest C. Jr. Industrial Instrumentation. Englewood Cliffs,
NJ: Prentice-Hall, Inc., 1961.

,

Foss, L.M. and Delahooke, B.C. Theory and Applications of
Industrial Process Control. Albany,.NY: 'Delmar Publishers, Inc.

Nixon, Floyd E. Principles of Automatic Controls. Englewood Cliffs,
NJ: Prentice-Hall Inc.
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COURSE OUTLINE

T-ELN 250 ELECTRONIC SYSTEMS III: AUTOMATIC CONTROL

February, 1975

Develolied by:

Peter Resta, Nash Technical Institute

ELECTRONICS CURRICULUM COMMITTEE

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-ELN 250 ELECTRONIC SYSTEMS III: AUTOMATIC CONTROL

COURSE DESCRIPTION:

&31104..:01..31140itiatic_contr01thicciLand
characterittict and mathematIcal models of. llnçar 5SL 41.Pritctice
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the Bode plot).

(7) Describe first-order and second-order systems and
know how to apply cascaded lag or lead compensation
or feedback compensation to obtain optimum system
response.

(8) Know the effect of noise upon system performance
and know the types and use of filters to minimize
output disturbances.

(9) Correlate control functions to mathematic equations
and graphically plot the functions in order to
analyze, evaluate, and improve system performance
by proper on-line adjustments of the controller for

. optimum response.

(10) Analyze systems by_obserming_transient response data,

(11) Perform laboratory work with electronic controllers,
pneumatic controllers, and electro-pneumatic con-
trollers..

(12) Use the mini/mic.ro computer in the control loop.

OUTLINE OF INSTRUCTION:

I. Automatic Control Systems

A. Type
B. Applications
C. Examples
D. Physical viewpoint
E. Analytical viewpoint

II. Applications of Mathematics to Control Systems

A. Mathematical applications
B. Characteristics of a linear continuous system
C. Classical solutions of RC, RL, and RLC networks
D. LaPlace transform solutions of RC, RL, and RLC networks
E. Block diagram transformations

III. Block Diagrams

A. Diagram elements (transfer function)
B. Single loop diagrams
C. Multiple loop diagrams
D. Block diagrams of control systems

2
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IV. Analysis of System Response

A. Transient response (step input function)
B. Frequency response (sinusoidal input function)

V. Systems with Feedback

A. Characteristic equations
B. Nyquist-crtterlon----
C. Bode plots

VI. How to Analyze an Automatic Control System

A. Stability, of open-loop systems
B. First-order system
C. Second-order system
D. Other"methddi

1. Log
. 2. Decibel

3. Root locus plots

VII. Improving System Performance

A. Types of compensation
1. Cascade lead and cascade lag
2. Feedback
3. Combine cascade and feedback

B. Noise and disturbances to output
1. Filters
2. Selection of filters
3. Applications

Orl

VIII. Analysis and Evaluation of Electronic, Pneumatic and Electro-
Pneumatic Systems

A. Intuitive reasoning from data
B. Equation fitting of data
C. 'Least square method on data
D. Slope method

_

I . Sample Data Acquisition System

A. Non-continuous systems
B. Application of computer in control of automatic systems

-

SUGGESTED TEXT AND REFERENCES:

; ,
Kirk, Frankte W. and Rimboi, NicholaSA. Instr ntation Second

Edition Chicago, Ill: American Technical Sac etY. 1966.



Tyson, Forest C. Jr. Industrial Instrumentatim, Englewood Cliffs,
NJ: Prentice-Hall, Inc., 1961.

Foss, L.N. and Delahooke, B.C. Theory and Applications of
Industrial Process Control. Albany, : ueimar Publishers, Inc.

Nixon, Floyd E. Principles of Automatic Controls. Englewood Cliffs,
NJ: Prentice-ilin Inc.
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COURSE OUTLINE

T-ELC 204 ELECTRICAL CIRCUITS

December, 1976

PROGRAM DEVELOPMENT
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COURF': OUTLINE

T-ELC 204 ELECTRICAL CIRCUITS

COURSE DESCRIPTION:

Advanced alternating current circuit analysis, network equations and
theorems, polyphase circuits, balanced and-unbalanced-three-phase
circuits, polyphase rectifiers and measuring power in polyphase systems
are covered.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 4.
.;

PREREQUISITE: T-ELC 114.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral ind/or
written examinations covering the material in the outline of inttruction.
As a minimum a student shall:

(1) Determine series and parallel equivalent circuits
using Kirchoff's law.

(2) Simplify electrical circuits to Thevenm s or Norton s
equivalent.

(3) Determine maximum power transfer using graphical
analysis.

(4) Calculate electrical properties of network circuits
using superposition, mesh-and nodal analysis.

(5) Perform delta-wye transformations.

(6) Discuss applications of resonant circuits.

(7) Determine the advantages of polyphase systems.

(8) Describe the characteristics of polyphase rectifiers.

(9) Measure power in a three phasi system.

(10) Use laboratory equipment to experimentally prove
mathematical analysis of circuit parameters.
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COURSE OUTLINE

T-ELC 211 ELECTRICAL MACHINES I

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-ELC 211 ELECTRICAL MACHINES I

COURSE DESCRiPTION:

Principles, construction, characteristics, applications and control
of-direct current generators-and motors; Advanced-alternating current
circuit analysis in polyphase systems is covered. Includes a survey
of induction motors, transformers, alternators, and generators.
Experience provided in specifying and wiring machines.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT; 4.

PRLREQUISITE: T-ELC 114.

OBJECTIVES:

Either during or upon completion of.this course, the student should
pass with a proficiency deermined by the-institution, oral and/or
written examinations coverinc the material in the outline of instruction.
As a minimum a student shall:

(1) Describe the relatfonships of . flux, motion, torque,
and voltages in DC generators-andmOtOrs.

(2) Explain the construction of.K.dynamos.

(3) Describe the types of'armatUre windingS.

(4) Draw wiring diagrams fllustratingcoMpletearm4ture
Ulndings.

.(5) Use forniulas to calculate parallel circuits., slot,

comMutator pitch, dead eleMents and equalizing cow.
nectfoft.

(6) Describe DC motor and generator characteriStics.

(7) Calculate electrical and physical quantities for
DC machines, transformers, alternators and induction
motors.

(8) Determine effidencies, ratings and applications
of dynamos, generators, and motors.
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(9) Analyze AC circuits used with motors and generators.

(10) Explain the principles and operation of transformers.

(11) Explain the principles and operation of induction
motors.

(12) Explain the principles and,operation of alternators
and generators.

(13) Select and wire electrical machines in the laboratory.

164



T-ELC 212

COURSE OUTLINE

T-ELC 212 ELECTRICAL MACHINES II

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
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COURSE OUTLINE

T-ELC 212 ELECTRICAL MACHINES 11

COURSE DESCRIPTION:

Principles, construction, operation, application, and control of
single-phase and polyphase power converters, and motors and generttore,----____spacielixed Motors. Single-phase and POlyphase transformers, auto
transfOrmers and parallel operation of alternators are covered.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-ELC 211.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written' examinations covering the meterial in the outline of instruction.As a minimum a student shall:

(1) Analyze phase relationships, vector diagrams, and
loads in AC circuits.

(2) Use voltage and current relationships and the
equivalent circuit of a transformer.

(3) Determine thayegulation, efficiency, parallel
operation and power applications of the transformer.

(4) Describe the principles, cOnstruction, freqUency,
field poles, winding, regulation, efficiency and
parallel ()Oration of alternators.

(5) Describe the operating principles and characteristics
of polyphase 4nduction motors.

(6) Describe the characteristics of woUlid,rocor and
double squirrel polyphasa indOCt1On"m9001.

(7) Explain dynamic braking and reversing Methods.

(8) Identify types ot starters and OXPlain their use.

-(9) Discuss.the conitructiont.PriecipleS4-methekle.
starting, efficiency, speed, torque, and applications
of single phase motors.
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(10) Discuss the types and applications of rectifiemand
converters.

(11) Calculate electrical and physical quantities for
synchronous motors, specialized transformers and
motors, and three-phase motors and transformers.

(12) Select and wire electrical machines and control
circuits in the laboratory.
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COURSE OUTLINE

T-ELC 214 INDUSTRIAL ELECTRICAL CONTROL SYSTEMS

July, 1976

Developed by:
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PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
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COURSE OUTLINE

T-ELC 214 INDUSTRIAL ELECTRICAL CONTROL SYSTEMS

COURSE DESCRIPTION:

A study of industrial electrical control systems. Emphasis is placed
on practical circuit analysis as it pertains to starting, rapid
stopping, reversing, speed control, and circuit protection for electri-
cal motors. Travel limits for control of mechanical systems are
investigated as is timing of multimotor drives. Control building blocks
such as switches, relays, contractors, transformer, rectifiers, brakes,
protective units and power amplifiers form an integral part of the
course.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELM 211.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution oral and/or
written examonations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Determine, select and evaluate overload and short
circuit protective devices for optimum motor protection.

(2) Design, select, compare performance and evaluate AC
and DC motor control circuits including starting,
reversing, jogging, plugging, speed control,
regulating, braking, static and dynamic switching.

(3) Determine and evaluate voltage/current levels and
waveforms in triggering the power circuits of solid
state motor controllers.

(4) Describe the selection and application of solid state
motor controller components.

(5) Assemble, wire, operationally test and evaluate the
performance of motor control circuits.

(6) Describe the characteristics and uses of DC and AC
motor controls and starters.
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(7) Describe the operation and design of the common
types of DC motor controls and starters.

(8) Calculate required parameters and draw circuit
diagrams for DC control circuits.

(9) Test, evaluate, and maintain the common types of
DC motor controls.

(10) Write lab reports on tests performed on DC motor
controls and starters.

(11) Describe the operation and design of the common
types of AC motor controls and starters.

(12) Calculate parameters and draw circuit diagrams for
AC control circuits.

(13) Test, evaluate and maintain the commonly used types
of AC motor starters and controls.

(14) Write reports on tests performed on AC motor starters
and controls.

(15) Describe the operation and des:gn of the commonly used
types of regulators and regulating systems.

(16) Test, evaluate brei ttie commonly used types
of regulators and rRyllating systems.

(17) Describe ths: ,:.peratiarf and design of selected devices
such as switchth , pressure switches, brakes and
special control civunts.

(18) Test, evaluatx a,d (11,:intain selected devices and special
control circws.

OUTLINE OF INSTRUCTION:

I. DC Motor Controls

A. Manual staffers
B. Automatic starters
C. Control circuits
U. Speed control
L. Protective devices

II. AC Motor Controls

A. Manual starters
B. Automatic starters 170
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C. Control circuits
D. Speed control
E. Protective devices

III. Regulators and Regulating Systems

A. Current and voltage
B. Speed
C. Position
D. Operating systems

IV. Auxiliary Devices and Specitl tontrol Circuits

Limit switches
B. Pressure and float switches
C. Brakes

SUGGESTED TEXT:

Siskind, Charles S. Electrice? Concrnl 4stems In Industry. New York:
McGraw-Hill Book CB7.7-11763:
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COURSE OUTLINE

T-ELC 221 ELECTROMAGNETIC CONTROLS

COURSE DESCRIPTION:

A study of control components and schematic motor control wiring
diagrams. Motor starters, master controllers, protective devices,
rotating and magnetic amplifiers and regulators are introduced.

COURSE HOURS PER WEEK: Ciass, 2; Laboratory, 3.

QUARTER HOURS CREDIT: 3.

PREREQUISITE: T-ELC 114.
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COURSE OUTLINE

T-ELC 222 SOLID STATE CONTROLS

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA

174



COURSE OUTLINE

T-ELC 222 SOLID STATE CONTROLS

COURSE DESCRIPTION:

Introduction to static switching circuits and controls, Boolean algebra,
static switching applications involving logic components, and design
of control circuits. Dynamic controls involving solid state devices
such as the.transistor, integrated circuit, and digital readolf.Mini
computers and their relationship to the control of machines and manu-
facturfng processes will be studied.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-ELC 211.



T-ELC 235

COURSE OUTLINE

T-ELC 235 PLANNING ELECTRICAL INSTALLATIONS

December, 1976

..

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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Al. J.a.1;5*

COURSE OUTLINE

T-ELC 235 PLANNING ELECTRICAL INSTALLATIONS

COURSE DESCRIPTION:

A familiarization with the National Electrical Code; the power require-
ments and typical design of industrial and commercial installations.
Design and calculation of illumination and electrical cooling and
heating.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 6.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELC 114.

OBJECTIVES:

Etther during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinatiort covering the material in the outline of instruc-
tion. As a minimum a student shall:

(1) Use the National Electrical Code to determine safe
standards for planning electrical installations.

,

(2) Be familiar with requirements for grounding, instal-
ling fixed electrical conductors, and wiring methods
and materials, for industrial and commercial instal-
lations.

(3) Be aware of special occupancy wiring situations and
factors determining the methods and materials used.

(4) Calculate for and plan lighting installations.

(5) Select lighting systems and light sources.

(6) Calculati heat loss and gain for electrical heating
and cooling systems.

(7) Prepare estimates for lighting, power, heating and
cooling installations.

(8) Design electrical installation for a residence or
small commercial building.
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COURSE OUTLINE

T-ELC 238 POWER DISTRIBUTION

December, 1976

PROGRAM DEVELOPMENT
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COURSE OUTLINE

T-ELC 238 POWER DISTRIBUTION

COURSE DESCRIPTION:

Design of electrical distribution systems for power, lighting and
heating, including services, switchboards, control and power panels,
motor control centers, unit substations, low and high voltage
switchgear and underground systems.

'

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELC 211, T-ELC 221.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined

by the institution, oral and/or
written examinations covering the material in the outline of instruc-tion. As a minimum a student shall:

(1) Use basic wiring concepts and configurations to pro-
vide transfer ef energy from source to the load.

(2) Discuss the consideritions for safeti,' capacity,
flexibility, accessibility and reliability in
designing and installing electrical power systems.

(3) Identify factors to include in designing overhead
and underground inter-plant distribution, high
voltage ratings, ultimate plant capacity, locations
for power switchgear, and motor control panels,
and the routing* of high voltage feeders.

(4) Design branch circuits for buildings to include light,
heat and power loads.

(5) Design special circuits for relays, remote control
lighting and panelboards.

(6) Detennine power feeder size for motor ci:cuits.

(7) Describe factors involved in the selection of
switchgear, switchboards, and panelboards.
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(8) Discuss the advantages of load center substation
design.

1

(9) Identify the uses of various staldard circuits
including radial, loop, and selective systems.

(10) Compare various raceways ald condqctors on factors
such as costs, protection,,flexibility, and life,
and the features of busway4 cable, and conduit
systems.

(11) Determine circuit requirements for residential
wiring.

(12) Calculate residential lighting, appliance, and
conditioning loads.

(13) Design electric space heating systems.

(14) Describe the application, installationo.wiring, and
control of electric space heating.

(15) Use heat charts, tables and formulas for calculating
heat loss, moisture, degree-days, R-numbers, and
cost of electric heating systems.

(16) Identify the characteristics, class of power supply
data and wiring for signal and communications systems.

(17) Identify factors which4etermine the wiring design
of specialized 'signal systems.



COURSE OUTLINE

T-ELM 211 ELECTROMECHANICAL DEVICES
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COURSE OUTLINE

T-ELM 211 ELECTROMECHANICAL DEVICES

COURSE DESCRIKION:

A study of the fundamental devices used in electromechanical technology.
Devices such as electrical motors, generators, transformers, relays,
and transducers will be investigated. Concepts of work, energy, power,
time constants, and efficiency as related to electromechanical devices
will be stressed. Study of the instrumentation required to perform the
investigation of electromechanical devices will form an integral part
of the course.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-ELC 114, T-PHY 101.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Demonstrate understanding of and the capability to
perform analytical calculations concerning performance
of electromechanical devices such as: direct current
generators, direct current motors, alternating current
generators, alternating)current motors, transformer.:
and regulators, relays,'solenoids, and transducers.

(2) Demonstrate capability of setting up, conducting,
evaluating, and reporting laboratory tests on electro-
mechanical devices such as: direct current motors,
alternating current motors, transformers, relays, and
transducers.

(3) Be able to use technical library materials.

(4) Explain how simple AC and DC motors are constructed
and how power losses and efficiency affect their
operation.

(5) Describe the different types of motors and how the
speed, torque, and construction differ for each type.
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(6) Describe the relationships between the primary and
secondary windings of a transformer, the different
types of transformers and how losses affect their
operation.

(7) EAplain work is computed for mechanical and
electrical systems. Static, dynamic, kinetic, and
potential energies are examined for various systems.

(8) Identify relaY action anu r.l.ings, relay contact
arrangements, operating tit. itact materials, and
relay classifications.

(9) Expi the parts of a generatc how energy
can WI .iroduced and stored.

(1_ Explain i relays work, cori.;.;.t :rrangemPnts, relay
and exponentia curves.

(11) Describe 'iazic motor action and eao what motor
time const;;.iti are and their electrical counterpart.

(12) Illustrate how a motor operates with AC or DC input
voltages and hoq inductive and capacitive reactance,
impedance, and phase relationships are computed.

(13) Explain the construction and operation of transducers
for control purposes.

OUTLINE OF INSIPIJCIAIN!

I. nirect rurrent Generators

A. Principles of operation
1. :Angle coil generator
2. Held excitation
3. Generator voltage equation
4. Magnetizatiol curve
5. Artature reaction
6. CcAmutation
7. Interpoles
8. Motor action

B. Types of DC generators
1. Separately excited
2. Self-excited
3. Series
4. Compound

2
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C. Operation of DC generators
1. Voltage regulation
2. Efficiency and losses
3. Parallel operation

II. Direct Current Motors

A. Principles of operation
1. Motor principle
2. Torque
3. Generator action
4. Equivalent circuit
5. Power
6. Armature reaction
7. Speed

B. Types of DC motors
1. Shunt
2. Series
3. Compound

III. Alternating Current Generators

A. Principles of operation
1. Construction
2. Voltage generation

B. Operation
1. Regulation
2. Parallel
3. Hunting
4. Rating
5. Losses and efficiency

IV. Alternating Current Motors

A. Polyphase induction
1. Principles of operation
2. Construction
3. Characterisitcs

B. Synchronous machinery
1. Motors
2. Inductors
3. Power drives

C. Single phase
1. Types
2. Operation

V. Transformers and Regulators

A. Principles of operation
B. Types of transformers
C. Losses and efficiency



VI. Relays

A. Characteristics
1. Ratings
2. Switching
3. Power requirements

B. Relay types
1. Typical magnetic relays
2. Special relay types

VII. Solenoids

A. Types
B. Operation

VIII. Transducers

A. Position
B. Temperature
C. Pressure
D. Flow rate, strain, humidity

SUGGESTED TEXT:

Robertson, Allan and Hunter. Electromechanisms/Deyices. Albany, NewYork: Delmar Publishing Co., Latest Edition.
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T-ELM 2.12

'COURSE OUTLINE

T-ELM 212 CONTROL SYSTEM TECHNOLOGY I

October, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY LOLLEGES

RALEIGH, NORTH CAROLINA

186



COURSE OUTLINE

T-ELM 212 CONTROL SYSTEM TECHNOLOGY I

COURSE DESCRIPTION:

A study of control system technology. Basic concepts and terminology
are investigated. Methods used to evaluate open-loop, closed-loop,
regulator, follow-up, process, servomechanism, sequential numerical,
analog and digital control systems are inteoduced. Methods to
describing control system components are investigated for electrical,
liquid,gas, thermal and mechanical systems. Characteristics of proces-
ses, measuring means, and controllers are covered.

COURSE HOURS PER WEEK: Class, 3, Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELM 211.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Construct bpsic block diagram representation 04
control systems.

(2) Draw block diagrams and explain operating character-
isticsin open-loop control systems. Breadboard open-
loop system and demonstrate characteristics of system.

(3). Draw block diagrams and explain operating character-
istics in closed-loop control systems. Breadboard
closed-loop system and demonstrate normal system
characteristics.

(4) Explain criteria used in analysis and evaluation of
control systems. Vary system damping and measure
response for over, under, and critically damped systems.
Simulate process control characteristics.

(5) Draw block diagrams and explain function of diffvrent
types of controllers such Es: regulator and follow-up,
process, servomechanism, sequential, numerical,
analog, and digital.
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(6) Perform analytical calculations for the basic elements
of a control system given specific formulas.

(7) Define transfer functions for simple electrical and
mechanical networks used in automatic control systems.

(8) Set up of simple control problems for solution by
analog computer.

(9) Define and perform analytical calculations for basic
process characteristics such as: integral, first-order
lag, dead time, and second-order lag.

(10) Perform analytical calculations for basic measuring
means characteristics such as: speed of response,
accuracy, and dynamic characteristics.

OUTLINE OF INSTRUCTION:

I. Basic Concerts and Terminology

A. Introduction
B. Block diagrams and traveling signals
C. Open-loop control
D. Closed-loop control

II. Evaluation of Control Systems

A. Benefits of automatic control
B. Load changes
C. Objectives of a control system
D. Damping and stability
E. Criteria of good control

III. Types of Control

A. Int-roduction
B. Regulator and follow-up systems
C. Process control
D. Servomechanisms
E. Sequential control
F. Numerical control
G. Analog control
H. Digital control

IV. Basic Elements of a System

A. Introduction
8 8
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B. Resistance
C. Capacitance
D. Inertia, inertance or inductance
E. Dead time

V. Introduction to Laplace Transforms

A. Input-output relationships
B. Laplace transforms-
C. Transfer functions

VI. Introduction to Analog Computers

A. Use of operational amplifiers
B. Programming of selected problems

VII. Process Characteristics

A. Introduction
B. The integral process
C. The first-order lag process
D. The dead-time process
E. The second-order lag process
F. The first-order lag plus dead-time process

VIII. Measuring-Means Characteristics

A. Introduction
B. Speed of response
C. Accuracy
D. Dynamic characteristics

SUGGESTED TEXTS:

Bateson, Robert. Introduction to Control System TechnologY
Charles E. Merrill Publishing Co., 1973.
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T-ELM 213

COURSE OUTLINE

T-ELM 213 CONTROL SYSTEM TECHNOLOGY II

October, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-ELM 213 CONTROL SYSTEM TECHNOLOGY II

COURSE DESCRIPTION:

Control system transducers, final control elements, and performance are
covered. Transducer topics include position, displacement, velocity,
acceleration, force, temperature, flow rate, pressure, and liquid
level measurement. Control element topics include control valves,
armature controlled DC motors, two-phase AC motors, ana amplifiers.
Topics include frequency response analysis and testing, Bode diagrams,
closed-loop response, stability, and controller adjustment.

COURSE HOURS PER WEEK: Class,3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELM 212.

OBJECTIVES:

Either during or upon completion of this course, the student should pass
with a proficiency determined hy the institution, oral and/or written
examinations covering the material in the outline of instruction.
As a minimuifa -student shall:

(1) Perform analytical calculations for basic controller
characteristics such as: two-position control, floating
control, proportional control, integral control,
proportional prus integral control, derivative control,
proportional plus derivative control, and proporO9nal
plus derivative plus 'integral control.

(2) Perform analytical calculatiuns for basic measuring
means components such as: position and displacement
measurement, velocity measurement, acceleration'Oeesure-
ment, force measurement, temperature measurement, flaw-
rate measurement, pressure measurement, and liquid-level
measurement.

(3) Verify measuring means characteristics, operation, and
applications.

(4) Determine characteristics and use transfer functions for
amplifers and control elements such as: control Valves,
AC/DC motors, amplifiers (AC/DC/SCR), fluid power
motors, hydraulic servo valves.
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(5) Conduct frequency response on a unit basis for operation__
and control elements.

(6) Determine frequency response and plot Bode diagrams for
simple open-loop and closed-loop systems.

OUTLINE OF INSTRUCTION:

I. Controller Characteristics

A. Introduction
B. Two-position control
C. Floating control
D. Proportional control
E. Integral control
F. Proportional plus integral control
G. Derivative control mode
H. Proportional plus derivative control
I. Proportional plus integral plus derivative control

II. Measuring Means Components

A. Introduction
B. Transducers
C. Position and displacement measurement
IL--Velocity measurement
E. Accerleration measurement
F. Force measurement
G. Temperature measurement
H. Flow rate measurement
I. Pressure measurement
J. Liquid level measurement

III. Amplifiers and Control Elements

A. Control valves
B. AC/DC motors
C. Amplifiers
D. Fluid power motors
E. Electrically controlled hydraulic servomechanism (valve)

IV. Analysis of Control Systems

A. Frequency responsefor various control systems
B. Construction of Bode, diagrams
C. Closed loop response and stability
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SUGGESTED TEXTS:

Bateson, Robert. Introduction to Control System Technoloo .

Charles E. Merrill Publishipg Co., 1973.
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T-ELN 224

COURSE OUTLINE

T-ELN 224 COMPUTER AND MICROPROCESSOR FUNDAMENTALS

October, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical InstitUte

Richard Bley, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-ELN 224 COMPUTER AND MICROPROCESSOR FUNDAMENTALS

COURSE DESCRIPTION:

An in-depth study of computing principles. Subjects covered include
analog and digital computers, memory devices, input-output devices,
analog to digital converters, and digital to analog converters.
Laboratory work using integrated circuits as computer building blocks
will reinforce the classroom material.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE. T-ELN 219.

OBJECTIVES:

Either during or upon completion of this course, the student should pass
with a proficiency determined by the institution oral and/or written
examinations covering the material in the outline of instruction. As
a minimum a student shall:

(1) Classify computer and microprocessor systems.

(2) Execute computer programming and select instructions
and assembly languages for specific applications.

(3) Select microprocessor systems for specific applications.

(4) Use the binary, octal and hexadecimal number systems.

(5) Use ASCII coding.

(6) Describe the construction and operation of computer
memory elements to include core storage; semiconductor
storage; tape, disk and drum storage.

(7) Describe the construction and operation of input-
output devices to include tape and cards, CRT output,
ADC's and DAC's intelligent terminals and other inter-
facing devices.

(8) Describe and use computer organization to include construc-
tion of instruction word, control section operation
and minicomputer organization.

(9) Program and operate computer training systems.

(10) Explain and use elements of microprocessors and micro-
processor systems.



OUTLINE OF INSTRUCTION:

I. Computers

A. Computer operations
B. Programming
C. Number systems
D. Boolean algebra and gate networks
E. Logic Design
F. Arithmetic element
G. Memory element
H. Input/output devices
I. Computer organization and control

II. Microprocessors

A. Classification
B. Application
C. Components
D. Organization and control
E. Operation

SUGGESTED TEXT:

Bartee, Thomas C. Digital Computer Fundamentals. McGraw-Hill Book Co..
New York: 1972 Third Edition, $11.50.

2

a



COURSE OUTLINE

T-MEC 100 MACHINE PRACTICES

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OVCOMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-MEC 100 MACHINE PRACTICES

COURSE DESCRIPTION:

A course designed to familiarize the student with the machine shop
and machine processes. Altilough not an in-depth study of machine
shop practice, it covers a wide variety of techniques, machines, and
procedures while giving enough shop practice to enable the student
to'"get the feel" of most of the machines.

COURSE HOURS PER WEEK: Class, 2; Laboratory, 3.

QUARTER HOURS CREDIT: 3.

PREREQUISITE: None.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Identify, use and care for hand tools using proper
safety practices.

(2) Use layout and measuring tools.

(3) Identify selected metals by external appearance.

(4) Use and care for portable power tools following
proper safety practices.

(5) Operate machine tools following proper safety
practices.
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T-MEC 107

COURSE OUTLINE

T-MEC 107 APPLIED MECHANICS

July, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-MEC 107 APPLIED MECHANICS

COURSE DESCRIPTION:

Concepts and applications of statics and dynamics. Force systems,
moments and couples, equilibrium, trusses, friction, centroids, center
of gravity, moments of inertia, motion, work, energy, momentum, and
impulse"are covered. Applications relating to the particular technologyare introduced.

COURSE HOURS PER WEEK: Class, 5; Laboratory, O.

QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-MAT 102,

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Demonstrate understanding and use of fundamental princi-
ples of mechanics as follows:

a. Be able to replace biaxial anG triax4al-force systems
by a single force.

b. Be able to resolve a single force into its biaxial
or triaxial components.

c. Be able to explain moments of a force and to use
them correctly in quantitative calculations.

d. Be able to determine the amount and location of
the resultant of a system of parallel forces in
one plane.

e. Be abie to determine the amount and location of
the resultant of a system of parallel forces in
space.

f. Be able to recognize couples and to use them
correctly in quantitative calculations.

g. Be able to replace a -iorce by a force and a couple.
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(2) Demonstrate understanding of and perform quantitative
calculations based upon a system of biaxial forces in
equilibrium.

a. Be able.to draw free body diagrams. of a rigid body
or series of connected rigid bodies acted upon
by (1) biaxial forcesystem in equilibrium and
(2) parallel force system in equilibrium.

b. Be able to derive the static equations, Fv=0,
F...0, from the free body diagrams and use"these
Ouations to calculate unknown forces acting on
the systems.

(3) Demonstrate understanding of the functions performed
by friction and perform quantitative calculations on
systems in equilibrium taking into account the forces
generated by friction.

a. Be able to solve force systems acting on bodies
on inclined planes.

b. Be able to solve force sysems acting on bodies
in a biaxial plane.

(4) Demonstrate understanding of and perform quantitative
calculations in determining the centroid of commonly
shaped areas.

a. Be able to calculate the centroid of rectangles,
triangles, circles, semi-circles, and quarter-circles.

b. Be able to calculate the centeoid of areas composed
of the geometric shapes listed above.

(5) Demonstrate understanding of and perform quantitative
calcuTitilins in determining the moment of inertia for
commonly_shaped bodies.

a. Be able to calculate the rectangular moment of
inertia of rectangular, triangular, circular,
semi-circular, and quarter-circular bodies.

b. Be able to calculate the rectangular moment of
inertia of bodies composed of the geometric shapes
listed above.

c. Be able to calculate the polar moment of inertia
for rotating cylindrical bodies.
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(6) Demonstrate understanding of and perform quantitative
calculations in determining the motion of a rigid
body as defined by rectilinear and angular motion.

a. Be able to solve problems involving linear motion
of machine members including displacement, velocity,
and acceleration.

b. Be able to solve problems involving angular motion
of machine members including displacement, velocity,
and acceleration.

(7) Demonstrate understanding of and perform quantitative
calculations in determining the motion of bodies when
acted upon by a system of unbalanced forces taking
into account the forces and masses of the system.

a. Be able to solve problems
involving particle motion

by constructing the free body diagram, writing
the equations of motion, and solving the equations.

b. Be able to solve problems involving the motion
of connected bodies by constructing the free body
diagrams, writing the equations of motion, and
solving the equations.

(8) Demonstrate understanding of and perform quantitative
calculations in determining the work performed and
the energy used in selected mechanical systems.

a. Be able to solve problems involving the basic con-
cepts of work.

. Be able to solve problems involving the basic
concepts of kinetic and potential energy.

c. Be able to apply the work-energy method of analysis
in solving for motion of bodies.

) Demonstrate understanding of and perform quantitative
calculations in determining the motion of bodies usingthe impulse and momentum method of analysis.

a. Be able to apply i.he
impulse/momentum method in

solving for the motion of bodies.

b. Be able to apply the conservation of linear momentum
principle in solving for the motion of bodies.
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OUTLINE OF INSTRUCTION:

I. Fundamental Principles of Mechanics

A. Resolution of forces
B. Resultants of fnrce systems
C. Moments of a force
D. Couples

II. Equilibrium of Biaxial Forcei

A. Construction and use of free body diagrams
B. Derivation and solution of static-equations

III. Friction

A. Free body diagram of systems involving friction
B. Derivation and solution of equation

IV. Centroids

A. Single geometric shapes
B. Composite geometric shapes

V. Moments of Inertia

A. Single geometric shapes
B. Composite geometric shapes
C. Polar moment of inertia

VI. Kinematics

A. Linear motion
B. Angular motiot
C. .Component motion

VII. Force, Mass, Acceleration

A. Particle motion,
B. Connected bodies

VIII. Work and Energy

A. Basic concepts
B. Work-energy principles
C.. Power

IX. ImOulse and Momentum

A. Impulsi4dientua irinciple
B. Conservation of mmeentua,,,,,



SUGGESTED TEXT:

Breneman, John W. Mechanics. New York: McGraw-Hill Book Company., 1960.
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COURSE OUTLINE

T-MEC 110 FUNDAMENTAL MECHANISMS
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OCCUPATIONAL EDUCATION DIVISION
DEPARTMENT OF COMMUNITY ODLLEGES

RALEIGH, NORTH CAROLINA
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COURSE OUTLINE

T-MEC 110 FUNDAMENTAL MECHANISMS

COURSE DESCRIPTION:

A study of the purpose and action of cams, cables, sear trains, differentials,
screws, belts, pulleys, shafts, levers, and other mechanical devices used to
transmit or control signs's.

OBJECTIVES: To present an overview of the purpose and actions of mschanisms
and mechanical devices used to transmit or control sisnals.

COURSE HOURS PER WEEK: Class 2; Laboratory 4

QUARTER HOURS CREDIT: 4

PREREQUISITE: T-PNT 102

OUTLINE OF INSTRUCTION:

I. Introduction and basic concepts

A. Terminology
1. Mechanism
2. Machine
3. Complete pairs
4. Incomplete pairs
5. Links
6. Constrained motion
7. Point paths

B. Coordinate systems
1. Vectors

a. Scalar quantities
b. Vector quantities
c. Addition and subtraction

C. Classification of motion
1. Plane motion

a. Translation
b. Iltation

2. Heli6 A motion
3. Spherical motion

D. Velocity and acceleration
1. Linsar
2. Angular

1
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II. Motion and velocities of linkages

A. Fundamental equations
1. Motion on a straight path
2. Motion on a circular path
3. Rotation about a fixed axis
4. Linear velocity
5. Angular velocity
6. Relationship between linear and angular velocities

B. Instantaneous centers of velocity
1. Introduction
2. Instantaneous centers of velocity

a. Permanent centers
b. Fixed centers

3. Kenn;idy's theorem
4. Poles and relatives velocities
5. Locating poles
6. Using poles
7. Force and torque ratios
8. Polodes
9. Center of curvature

a. Inflection circle
b. Hartmann's construction

C. Basic problems
1. Anslytical solutions
2. Graphical solutions
3. Basic mechanisms

a. The rotating link*
b. The yoke

(1) Motion curves
(2) Average velocity
(3) Inertia forces

c. The sliding block
d. Eccentric circular disc and follower
a. Slider-crank mechanism
f. Four-bar mechanism

III. Transmission of motion

A. Direct contact mechanisms
1. Introduction

a. Speed ratio
b. Velocities at pAnt of contact
c. Sliding and slide-sweep ratio
d. Translating driven body
e. Pure rolling
f. Uniform speed ratio
g. Profile interchangeability
h. Cycloidal profiles
i. Involute profiles
j. Gear-tooth profiles
k. Equivalent mechanisms

2
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2. Gears
a. Types

(1) Spur
(2) Helical
(3) Worm
(4) Bevel

b. Terminology
c. Gear trains

(1) Single-gear pairs
(2) Single trains
(3) Compound trains
(4) Coaxial trains
(5) Change-gear trains

3. Cams
a. Introduction
b. Types of cams and followers

(1) Disc
(2) Radial
(3) Offset
(4) Flat faced
(5) Translational
(6) Cylindrical

c. Types of motion
(1) Straight-line or uniform motion
(2) Pfxabolic motion
(3) Harmonic motion
(4) Cyclodial motion

B. Flexible connectors
1. Introduction

a. 'Hoisting
b. Conveyors
c. Power transmissions

2. Types of flexible connectors
a. Flat belts
b. V-belts
c. Roller chains
d. Inverted tooth chains
e. Bead chains
f. Differential chain hoist
g. Variable speed drives

C. Couplings
1. Types

a. Sleeve
b. Bellows
c. Oldham
d. Universal joints

D. Servo systems
1. Breadboarding
2. Electromechanical

3
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SUGGESTED TEXTS:

Berg, Winfred M., Precision Mechanical Components, Theory and Application
of, 2nd Eaition. East Rockaway, N. Y.: Russell E. Sacken, 1965.
Haadbook to familiarize designers, engineers, and draftsmen with
standardized precision, mechanical instrument components, provide
basic design ik:ormation which-will help build better systems, and'
explain the design and engineering advantages and disadvantages of
a wide variety of such precise components and equipment available
in today's market.

SUGGESTED REFERENCES:

Chironis, Nicholas, Mechanisms, Linkages, and Mechanical Controls. New
York: McGraw-Hill Book Company, Inc., 1965. Through coverage of
classical and modern mechanisms and devices giving full descriptions
of their motions and functions.

Lent, Deane, Analysis and Design of Mechanisms. Englewood Cliffs:
Prentice Hall, 1961. This book is written forlthe first year atudant
in any technical school. It does not presume a knowledge of physlcs,
calculus, or kinematics. It starts at the beginning and builds a
staunch foundation of basic principles and techniques. Graphical
methods are used wherever calculations are complex or laborious.

Prageman, H. I., Mechanism. Scranton, Pennsylvania: International
Textbook Company, 1947.

Tao, D. S., Fundamentals of Applied Kinematics. Reading, Mass.: Addison-
Wesley, 1967. This text attempts to bridge the gap between thtory
and day-to-day problems on the job by relating fundamental princi-
ples to familiar machines.

Winston, S. E., Mechanism. Chicago: American Technical Society, 1961.
Fundamental theory of mechanisms. Basic principles of the three
ordinary modes of transmission of motion are developed.

209
4



COURSE OUTLINE
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COURSE DESCRIPTION

T-MEC 235 HYDRAULICSAND PNEUMATICS

The basic theories of hydraulic andipinemmatic systems. Combinations of
systems in various circuits. Basic designs and functions of circuits
and motors, controls, electrohydraulic servomechanisms, plumbing,
filtration, accumulators and reservoirs.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-PHY 102.

OUTLINE OF INSTRUCTION:

I. An Introduction to Fluid Mechanics

Ob ectives

A. The student should be able to define fluid mechanics and
fluids, and list the two basic classes of the latter.

B. The student should be able to list and define the following
characteristics of fluids:

1. Volume
2. Weight
3. Mass
4. Specific weight (weight density)
5. Density (mass density)

C. The student should be able to define

1. Pressure
2. Specific gravity

211.
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I. An Introduction to Fluid Mechanics (continued)

Ob ectives (continued)

D. The student should be able to explain Pascal's law and
pressure head.

E. The student should be able to work problems involving
items listed in B through D above.

Topics

A. What Is Fluid Mechanics?

Fluid mechanics is the study oUthe physical behavior of
fluids and fluid systems and the laws describing this
behavior.

B. What Is a Fluid?

A fluid is a substance which has definite mass and
volume but has no definite shape; a fluid cannot sustain
a shear stress under equilibrium conditions.

1. Liquids (and concept of "ideal liquid")
2. Gases

C. Some Characteristics of Fluids

1. Volume
2. Weight
3. Mass
4. Specific weight (weight density)
5. Density (mass density)

D. What Is Pressure?

1. Definition of pressure
2. Definition of specific gravity

E. Pascal's Law

F. Pressure Head

II. Pressure, Head, Force

Ob ectives

A. The student should be able to define and use correctly the
following important terms:

212



13

Pressure, Head, Force (continued)

Ob ectives (continued)

1. Piezometer tube
2. Gage pressure
3. -Absblute-pretsure
4. Vacuum
5. Manometer
6. Cylinder
7. Regenerative cylinder

B. The student should be able to work problems involving
piezometer tubes, mercury manometers, differential manometers,
devices whose function depends on the application of
Pascal's Lew, single-acting fluid power cylinders, and
regenerative fluid power cylinders..

Topics

A. Pressure Head and the Piezometer Tube

B. Absolute and Gage Pressure

1. Absolute pressure
2. Gage pressure
3. Vacuum
4. Absolute zero pressure

Pressure Head and the Manometer

1. Piezometer with a U-tube
2. Manometer (especially, the mercury manometer)

D. The Differential Manometer

E. Force Multiplication Via Pressure and Area

1. Review of Pascal's Law
2. Analogy between the fluid system using Pascal's Law

and the mechanical lever system

F. The Fluid Power Cylinder

1. Use of the fluid power cylinder
2. Single-acting cylinder
1. Regenerative cylinder
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III. Buoyancy, Force on Submerged Surfaces

Ob ectives

A. The student should be able to define and use correctly the
following important terms:

1. Static pressure
2. Pressure action
3. Head
4. Pressure distribution
5. Total pressure force
6. Center of pressure
7. Buoyant force

B. The student should be able to work problems involving find-
ing the pressure at various depths in bodies of water, find-
ing the total force on submerged surfaces, and finding the
volumes of submerged solid objects given their weights in
air and in water.

Topics

A. Hydrostatic'Pressure

B. Pressure Distribution with Changing Head

C. Forces on Submerged Surfaces

D. Buoyancy

IV. Displacement, Flow Rate, Continuity of Flaw, Flow Velocity,
Horsepower

Ob ectives

A. The student should be able to define and use correctly the
following important terms:

1. Stroke
2. Displacement volume
3. Flow rate
4. Flow velucity
5. Continuity of flaw
6. Work
7. Hydraulic horsepower

B. The student should be able to work problems involving the
finding of cylinder dispacement volume, flow rate, flow
velocity, work done, hydraulic horsepower, and pump effi-
ciency.
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IV. Displacement, Flow Ratel-Continuity of Flow. Flow Velocity.

Horsepower (continued)

Topics

A. Cylinder Characteristics

1. The pump
2. The compressor
3. Displacement volume (in cubic inches or cubic fest)
4. Stroke
5. Volume rate of flow (in gallons per minute)

B. Flow Velocity

1. Principle of continuity of flow
2. Continuity equation
3. Review of concept nf "ideal liquid"

C. Mass Plow Rate

D. Work Done in Pumpinr a Fluid

E. Horsepower Required to Pump Fluids

V. Conservation of Energy, Bernoulli's Equation

Objectives

A. The student should be able to define and use correctly
the following important terms:

1. Potential energy
2. Kinetic energy
3. Bernoulli's equation
4. Head loss
5. Head added

B. The student should be able to work 'problems requiring the
use of Bernoulli's equation.

Topics

A. Energy Relationships in Fluid Systems

1. Potential energy
2. Kinetic energy
3. The principle of conservation of energy
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V. Conservation of Energy, Bernoulli's Equation (continued)

Topics (continued)

B. Bernoulli's Equation

I. Derivation of Bernoulli's equation from the General
Energy Equation

2. Elevation head or static head
3. Pressure head or static pressure head
4. Velocity head
5. Elevation head and pressure head related to potential

energy of the flowing stream
6. Velocity head related to kinetic energy of the flowing

stream

C. Ideal Fiow Versus Actual Flow Conditions

I. For a constant flow rate Q, when the cross-sectional
area of the conductor decreases from one point to
another, the flow velocity increases, and vice versa.

2. The velocity head varies as the square of the flow
velocity.

3. When the flow velocity increases, there is a corre-
sponding decrease in pressure; conversely, when there
is a decrease in velocity, there is an increase in
pressure.

4. Head loss

D. Energy Diagram

VI. Flow of Fluid in Pipes

Ob ectives

A. The student should be able to define and use correctly the
following important terms:

1. Laminar flow
2. Turbulent flow
3. Critical velocity
4. Reynolds number
5. Viscosity
6. Absolute viscosity
7. Relative viscosity
S. Kinematic viscosity
9. SSU, Saybolt Seconds Universal
10. Average velocity
11. Flow losses
12. Darcy-Weisbach equation
13. Absolute roughness
14. Relative roughness
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VI. Flow of Fluid in Pipes (continued)

0b ectives (continued)

B. The student should be able to work problems involving the
conversion of kinematic.viscosity to absolute viscosity
and vice versa; problems involving the determination of
velocity, flow rate, pressure drop or head loss, etc. of
fluid flowing in pipes.

Topics

A. Types of Flow

1. Laminar flow
2. Turbulent flow

B. CriLicai velocity

1. Upper critical velocity
2. Lower critical velocity

C. Reynolds Number

I. Definition of Reynolds number
2. Equation for determining the Reynolds number
3. Average Reynolds-nun5er values of less than 2000

indicate laminar flow for pipe flow.
4. Average Reynolds-number values of more than 3000

indicate turbulent flow for pipe flow.

D. Viscosity and Absolute Viscosity

1. Definition of viscosity and absolute viscosity
2. Three basic assumptions made in developing a picture

of the nature of viscosity.
3. Units of absolute viscosity

a. In the foot-pound-second system (lbisec/ft2)
b. In the metric system (poise or.centipoise)

4. Relative viscosity

E. Kinematic Viscosity

I. Definition of kinematic viscosity
2. Units of kinematic viscosity

a.. In the foot-pound-second system (ft2/sec)
b. In the metric system (stoke or cantistoke)
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F. Conversion from English to Metric Systems of Measure

G. Viscosity: Saybolt Seconds Universal

1. Relationship between viscosity and kinemstic viscosity

a. When (SSU) t less than 100 seconds
b. When (SSU) t greater than 100 seconds

H. Average velocity

I. Flow Losses in Pipes

1. Major Loss

a. Due to viscous-friction (shearing) effects associated
with the flow of fluid through a pipe.

2. Minor Losses

a. Due to the effects of a sudden contraction of cross
section of the pipe.

b. Due to a sudden expansion of cross section.
c. Due to obstructions, such as pipe fittings, valves, etc.
d. Due to curves and bends in pipe lines.

3. The Darcy-Weisbach equation

a. Relative roughness of the surface
b. .Absolute roughness of the.surface
c. The friction factor for laminar fl
d. The friction factor for turbulent

VII. Topics Dealing with Compressible Fluids

Obi ectives

of the conductor
of the conductor
ow
flow

A. The student should be able to define and/or explain, and use
correctly the following important terms or laws:

1. Charles' Law
2. Boyle's Law
3. General Gas Law
4. Compressor
5. Pneumatic fluid power system
6. Harrisformula
7. Compressior, ratio
8. Standard conditions
9. Pneumatic cylinder

8
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VII. Topics Deanna with Conpressible Fluids (continued)

Objkotives (continued)

$. The student should be able to with problems utilising
Charles' Lan, lloyle's Los, and the general des Log, sad
to calculate air flow losses la pips..

A. IntroductiostxiCenpressiblrFlew

1. Definition of Plaid power

I. Cas Laws

1. Nevi's of and expansion ef the concept of,lbselute
zero *assure

2. Absolute sere temperature'

C. aeries' Las

D. Royle's Law

E. General Gas Law

1. Definition of the universal gas constant

F. Compressors

G. Paeunatic Fluid Reser totem

1. Definitice mgf a peamost4c fluid power opines
2- IlsfiDitiet of *prams, assulator
3. Mr at atomised amoditions

a. Air Plum Losses is Pipes

1. Harris levirla
2. Compreesisa ratio
3. Dee of doe 11-factor frau tabalatod data.



SUGGESTED LABORATORY EXERcISES

1. Sight Gage
2. Visual Flow lox
3. Laminar and Turbulent Flow
4. Reynolds &saber
5. Water Flow Nomograph
6. Pipe Fittings
7. Friction Factor
8. Static Read and Pressure Differences
9. Static Pressure and Rack Pressure
10. Gate Valves
11. Frictionallosses

NOTE: Detailed descriptions of the shove experiments can be found
in Scott Fluid Circuit System published by Scott-Engineering
Sciences, Pompano Beach, Florida, 1968. It is expected that
they will be performed on the Scott Fluid Circuit System,
MOdel 9009.
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SUGGESTED TEXT

R. W. Henke, Introduction to Fluid Mechanics, 1st Edition: Addison-
Wesley Publishing Co., Inc., Reading, Miss" 1966. (Excellent coverage
of material. Well illustrated.)

SUGGESTED REFERENCES

K. Brenkert,
John Wiley &

G. N. Cox and
1955: D. Van

Jr., Elementary Theoretical Fluid Mechanics,
Sons, Inc., New York, 1960.

F. J. Germano, Fluid Mechanics, 1st Edition,
Nostrand Co., Inc., Princeton, N. J., 1941.

lst Edition:

8th.printiag,

R. V. Giles, Fluid Mechanics and Hydraulics, 2nd Edition: Schaum's
Outline Series, McGraw-Hill Book Co., Inc., New York, 1962.

N. C. Harris and E. M. Hemmerling, Introductory Applied Physics, 2nd
Edition: McGraw-Hill Book Co., Inc., New York, 1963.

R. G. Hudson, The Engineers' Manual, 2nd Edition, 23rd Printing, 1967:
John Wiley St Sons, Inc., New York, 1939.

H. W. King and E. F. Brater, Handbook of Hydraulics, 5th Edition:
McGraw-Hill Book Co., Inc., New York, 1963.

L. S. McNickle, Jr., Simplified Hydraulics, lst Edition: McGraw-Hill
Book Co., Inc., New York, 1966.

R. M. Olson, Essentials:of-Engineeringjluid-Mechanics
International Textbook Co., Scranton, Pa., 1966.

F. W. O'Neil, Editor, Compressed Air Data, 5th Edition:
Rand Co., New York, 1960.

J. J. Pippenger and T. G. Hicks, Industrial Hydraulics,
McGraw-Hill Book Co., Inc., New York, 1962.

2nd Edition:

Ingersoll-

1st Edition:

J. L. Robinson, Basic Fluid Mechanics, 1st Edition: McGraw-Hill Book
Co., Inc., New York, 1963.

G. V. Shaw and A. W. Loomis, Editors, Cameron Hydraulic Data, 14th
Edition, 2nd Printing, 1970: /ngersoll-Rand Co., New York, 1965.

H. L.-Stewart, Hydraulic and Pneumatic Power-for Production, 2nd Edition:
Industrial Press Inc., New York, 1963.

FloW Of Fluids through,Valves Fittings, and lin,
(rechnical Paper_No. 410)0st Edition*: Crane Co.:, Chicago, 1957.

* Although Technical Paperiio. 409-Of the same title,_dated May
preceded this edition.
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SUGGESTED REFERENCES (continued)

, Hydraulic Institute upe Friction Manual, 3rd Edition:

Hydraulic Institute, New York, 1961.
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COURSE OUTLINE

T-ELN 203 MEASUREMENT AND CONTROL I

COURSE DESCRIPTION: '

A study of the concepts of measurement and control, levels of accuracy,
and traceability._ Also covered are the theory and calibration of
pressure gauges, vacuum gauges, and pressure switches using laboratory
standards such as the dead weight tester, manometer, precision test
tgauges, and associated hardware. General shop practices are included.

COURSE.HOURS PER WEEK: Class, 3; Laboratory, 6.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-MAT 101.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficienoy determined'by the institution oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Know what to do in the event of electrical shock. Know
the established industrial rules concerning injuries.

(2) Know how to recognize unsafe conditiohs.that may exist
within an industrial complex. Know the standard.procedure
for correcting Unsafe conditions.

(3) Identify how materials- act or react when heateds cooled,
stretched, compressed, twisted or bent. Learn some of
the electrical characteristics of materials when altered.
Learn that materials change dimensions..when'heated or
cooled.

(4) Identify basic pressure mechanisms and configurations.
Learn the meaning and effects of hysteresis. Learn
the applications of the common elements used in process
measurement.

(5) Identify various types of measuring and controlling
instruments in the lab.

Introduce the student to the various characteristics
of measuring and controlling instruments.

(6)
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(7) Demonstrate the various general characteristics of instru-
ments. By monitoring voltage across precision 100 ohm
resistors on connectors cord terminal board, change in
recorder input can be detected before any change in recorder
pen takes place.

(8) Use a manometer to measure pressure. Observe and learn
the effects of filling materials on the seoltivity and
response of manometers - construct a "U" tube manometer.
Learn the factors in manometer accuracy.

Identify the basic principles of "Wall Manometers"
their practical considerations and applications. Learn
how to convert manometer from differential instrument
to absolute pressure instrument. Learn relationship
between "well" area and tube size.

(9)

(10) Identify the basic principles of the inclined tube
manometer. Learn the pressure balance equation and be
able to work with it. Learn the practical considerations
and application of the Inclined Manometer.

(11) Identify the temperature scales, i.e. (Fahrenheit, Celcius,
Kelvin and Rankine) and the various temperature measuring
devices.

(12) Know how temperature changes are related to volume changes.

(13) Know how pressure changes are related to temperature changes.

(14) Identify the different classes of thermometer and the general
temperature ranges of each class. Learn the non-electrical
methods of temperature measurements.

(15) Study and demonstrate the conditions which alter thermal-
resistance and determine thermal time constants.

(16) Know the basic laws of thermoelectricity used in thermocouples.
Learn the practical application of thermocouples - types
of thermocouples, calibration of thermocouples, grades of
thermocouples wire. Identify syMbolS and color coding for thermo-
couple wire. Use thermocouple calibration data. Describe
advantages and disadvantages of thermocouples.

(17) Know the nomenclature of a dead-weight-tester. To learn
why a dead-weight-tester is used as a laboratory standard
for pressure gauge calibration. Learn how to maintain and
care for a dead-weight-tester.

(18) Know how pressure measuring devices employ elastic membranes.
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(19) Know the meaning of differential pressure - and how to
set up manometers and gauges to measure differential pressure.

(20) Know how a pneumatic relay works.

(21) Know how pressures are transmitted by a pneumatic bridge-
and study the distance-pressure relationships. Study baffle
clearance vs. back-pressure. Study factors that affect
sensitivity of pneumatic bridge.

(22) Know how a differential pressure transmitter operates.
Learn how the piping must be a'rranged. Calibrate a differ-
ential pressure transmitter. Dissmantle and reassemble
dp cell, calibrate and place in service.

(23) Know the theories and means by which liquid level measure-
ments (non-electrical) are made.

OUTLINE OF INSTRUCTION:

I. Measurement Methods

A. Basic theory
1. Physical units
2. Pounds per square inch
3. Atmospheric pressure
4. ,Atmospheric equivalents
5. Density
6. Specific gravity
7. Static head
8. Absolute pressure

B. Liquid column manometers
1. Open U tube
2. Closed U tube
3. Inclinecrtube
4. Mercury manometer
5. Bell manometers

II. Basic Pressure Mechanisms

A. Bourdon C tube
1. Excursion standards
2. Scales, accuracy, linearity-hystersis
3. Pressure ranges
;. Bourdon tube materials

B. Helical element
1. Principle of operation
2. Pressure ranges

C. Diaphram elements
1. Principle of operation
2. Pressure ranges
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D. Bellows elements
1. Principle of operation

a. On conventional pressure ranges
b. As receiver-bellows
c. ,Pressure,ranges
d. Absolute pressure belloWs

2. APPlicatlOna
Pressure gauge cilibration
1. Aead'weight :testing 'Machines

a. Princifileotoperation
b. cbtls-tiOCOon.
c. Testing.,prOcedure
d.. Friction-'

e. L9stAnotloo',
2. Otheritandards:'.
Pre'ssure,gaiige*ceisoriesl-

1. , Nied104141420mPnar
2. PlitOildaMOner
3. -Ribber litilb.dampner
4. OurgiAction
5. Pi9tails
6. Isolation diaphragm

III. Liquid Flow. Measurement

A. Primary devices
1. Reynolds' experiment

a. Viscous flow ,

b. Turbulent flow
2. Analysis of effect of restriction in line

a. Tap locations: Flange, vena contracta,
elbow .

b. Flow
. Orfice plate

1. Specifications, flatness,' polish,- sharp edge, accuracy-
of bdre tounterbore, conderisite drain hole

2. Limitations and capabilities
C. Pilot the

1. StruCture
2. Applidations

D. VentUrf-tube"-
1. Structure
2. Applications

E. Flow nozzle
1. ,Structure
2, Wications

F. 'Dall tObe
.1. Structure
2. ApPlicatiOns

. Turbineflow meters
1.- Oic ure''
2.. ApplJpatlons
Posit001 OlaceMent meteis
'WO'
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I. Magnetic flow meters
1. Structure
2. Applications

J. Liquid flow calculations
1. Formulas
2. Calculations using Foxboro slide rule

IV. Liquid Level Measurement

A. Liquid level open tanks
1. Bob and float
2. Sight glass
3. Air purge system
4. Diaphragm box

Differential pressure cell
6. Equipment construction

B. Liquid level closed tanks
1. Differential .pressure manometer.

a. Principle of operation
b. Gas purge
c. Liquid purge-
d. Liquid seals

2. Equipment consturction

V. Liquid Density Measurement

A. Nr. purge
B.Temperature difference
C. Conductivity of .solutiok-:

VI. Temperature Measuremend Methodsts'an
,

_

,

A. TeMperature scaes
B. .,Bi.:imetalliiC:#erffinnieters

C. MercUriali'the*Oniter*:
D. PreisUre.itherM000%efii
E. Optica-UpyriStei*:'
F. TherMOcOUPles'..
G. Theriistort

,

VII. Therma1 'Systems

A. Liquid filled
1. CaPillitry tubing
2. Filling mediums:

a. C1ass...4. 1 iqUid. eXpinsion

b. ClasS:'II, Vapor.presSure
c, Cliss I I I gat presture
d. Class V,. mergury.exPansiOn

. VaPor _ptessure,SySteMs
1. .EvacUation
2. Ambient temperature compentations
3. Nonlinear fseiles'



,

4. Ranges .

-5.: Normal ant,-reversed systems
6. Capillary. tubing

. Gas *filled thermal systems:
*I. Gas' laws

2. 'System constrUction
3. Ambient-temperaturez Compensation
4. Scale ranges.
5. -Fully compensated
6. Caie:coMpensatiOn
7.

8... BuTh.4isign
9. CaPi 110r:tubing

D. Liquid :eXPansioKsystems
1. Evacuation-. and filli ng
2. .-Amblent.:n.teniPee.,atUre;,compensation

.

4. UnifOrWlaeal*,ringes
5. :Fully: cOMPepsated
6. Case:COMpenSated.''
7. DifferentiaVteMperature systeM.
8. Bul b. immersion\

9. Tubing

SUGGESTED TEXTS:

Kirk, Franklin, W., and Rimboi, Nicholas R Instrumentation; Second Edition.
Chicago H. American Technical Society., 1966:

O'Higgins, Patrick J. BasicIastrumentation, Inthistrial Measurement.-
Hew York: McGraw-Hill Book Co., 1466. .

SUGGESTED REFERENCES:,

Fribance, 'Austin. Induatrial Instrumentation Fundamentali-..: Mew :york.:.
McGraw-Hill Book Co.,,1.962.-

O'Higgins, Patrick.J., Basic In,rumehtetiOn, Industriat.Meitureieenti
New .York: look Co. ,

Anderson, Norman. Industrial Process Control. Foxboro,
Latest Edition.

FoZboro Co.
.

Warren, John. Control, Instrument Mechanisms. Indianapol is, IN:
The- Bobbs-Merri 11 Co. 1967

. Zoss; LA... and DelnhOzke, B: C. Industrial Process Control . Al bony 9.

New' YOrk: Delmar. Publishers., Latest- Edition.
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Kirk, Franklin W. and Rimboi, Nicholas R. Instrumentation. Chicago, IL:
American Technical Society., 1966:

Marcus, Abraham and Lenk, John D. Measurements for Technicians. Englewood
Cliffs, NJ: Prentice-Hall Inc., 1971.

LaJoy, Millard H. Industrial Automatic Controls. Englewood Cliffs, NJ:
Prentice-Hall Inc., 1955.

Elonka, Stephen, and Parsons, Alonzo. Standard Instrumentation Questions
and Answers Vol. I & II. New York: McGraw-Hill Book Co., 1962.

Harvey, Glenn F. Standards and Practices For Instrumentation. Pittsburgh, PA:
Instruments Society of America, 1974.

Considine, Douglas M. Handbook of Applied Instrumentation. New York:
McGraw-Hill Book Co., 1964.



T-E1112B

COURSE OUTLINE

T-ELN 213 MEASUREMENT AND CONTROL II

July, 1976

Developed by:

William H. Colem&n, Cape Fear Technical Institute
Arthur W. Stroman III, Cape Fear Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES

RALEIGH, NORTH CAROLINA

281



COURSE OUTLINE.

T-ELN 213 MEASUREMENT AND CONTROL II

COURSE DESCRIPTION:

A study of control theory and applications with emphasis on electronic
and electric controls and mechanisms. Control loops and configurations
of electronic and pneumatics are constructed and placed in operation.
Applications of interfacing are covered along with calibration and align-
ment of constructed systems.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 6.

QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-ELN 203.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Know the effects of the sum of two forces with equal and
unequal force levers on the resultant force.

(2) Know what is meant by ratio control or the difference
between two input signal quantities.

(3) Know how a moment balance bridge can be used to average
signals and some applications.

(4) Know the effects of on-off control in systems such as
residential heating, air conditioning, ovens or anY
applications in which band spread between high and low
limits is not critical.

(5) Know the effects of proportional control with respect to
temperature control systems and level control.

(6) Know how proportional plus reset action works.

(7) Know the effects of proportional plus reset action in
an actual operating system. (Flow Loop)

(8) Know the theory of operation of the Electronic Controller
and Controller specifications, input circuit, amplifiers,
proportional circuits, reset circuits, power supply.



(9) Know how a pneumatic controller functions. Also to
know how a penumatic controller mechanism, sensitivity
reduction mechanical and sensitivity reduction pneumatic
works.

(10) Know hoi to set up pneumatic controllers in system and
operate at optimum.operating conditions.

OUTLINE OF INSTRUCTION:

I. Fundamentals of Control Theory

A. Control response effects
1. On-off response
2. Proportional response
3. Proportional plus reset response
4. Proportional plus rite response
5. Proportionalilus roost plus rate response

B. Offset
C. Stabilization time

II. Basic Controller Mechanisms

A. Nozzle baffle theory
B. Controller relay

1. leakless type - nozzle closed
2. leakless type - nozzle open
3. Overthrow mechanism - gravity type
4. Overthrow mechanism - spring type

III. Proportional Controllers

A. Pneumatic controller mechanisms
1. Sensitivity reduction - mechanical
2. Sensitivity reduction - pneumatic
3. Proportional controller with reset
4. Proportional controller with reset plus rate

B. Electrical controllers
1. Electrical characteristics

a. Supply voltages
b. Power supplies

(1) Controller input characteristics
(2) Controller output currents

C. Controller circutry
1. Proportional control
2. Proportional plus reset
3. Proportional plus reset plus rate response

D. Specialized controllers, pneumatic and electronic
1. Ratio controller

2
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a. Direct
b. inverse

2. Pneumatiset controller
3. Time schedule controllers

IV. Transmitter Theory, Pneumatic and Electronic

A. Liquid level transmitter, -

B. Temperature transmitters
C. Differentj0 pressure trapojtter
D. Absolute pressure transmitter
E. Flow transmitters

TeXTS:

Kirk, Franklin, W. and Rimboi, Nicholas R., nstru, mentation; Second Edttio
Chicago, IL: Arnerican Technical, Society., 1966

O'Higgins, Patrick J. Basic ntrumentetion, -Thdustrial:Measuremen
New York: McGraw-Hill Book Co., '1966.

,SUGRESTEO:REFERENCES:

. .

-
arson-v.

'Lateit Edition.

1.1natruMentationlu

artiin;46411,
Bobbs-Merri

Zoss, L.M;; and,Oefihozkei'
New York: DelmOr'POOliShers,

Kirki Franki in W. and Rimbol, Nieholai4.
American Technical:,.SOctety.i'

Abraham.and 'Link, John 0:: Measurements. fOr,'Tecpniaians.
Cliffs,'NJ:,:PrenticefHall;,Inc..:r. 1971...

LaJoy, Millard W. IndustHal Automatic Controls.. Englewood Cliffs, NJ:
Prentice;Nall Inc.,1955:
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Clonka, Stephen, and Parson, Alonzo. Standard Instrumentation Questions
and Answers Vol. I & II. New York: _McGraw-Hill Book Co., 1962.

Harvey, Glenn F. Standards and Practices for Instrumentaiton. Pittsburgh, PA:
Instruments Society of America., 1974.

Considine, Douglas M. Handbook of Applied Instrumentation. New York:
McGraw-Hill Book Co. , 196
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COURSE OUTLINE

T-ELN 223 MEASUREMENT AND CONTROL III

COURSE DESCRIPTION:

Troubleshooting techniques are studied and practiced using standard
instruTent maidlegInce IstiequipTent. Actual loossandcorgolsstans

are se up an u ng an p ping ayouts are sist5iraTYMa.-..nens-
are dismantled, reassembled, calibrated, and placed in service.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 9.

QUARTER HOURS CREDIT: 6.

PREREQUISITE: T-ELN 213.

OBJECTIVES:

Either during or upon completion of this course, the student should pass
with a proficiency determined by the institution oral and/or written
examinations covering the material in the outtine-of instruction. As
a minimum a student shall:

(1) Recognize and identity the various tools that are used
in instrument maintenance, and know how these tools are
used in calibration and repair of instruments.

(2) Know how to identify thermocouples (color code), how to
check and calibrate thermocouples, and how to run lead
wires.

(3) Know the proper lubricants to use on various key points,
how to clean and check key points for wear, lubrication
precautions, and how to keep maintenance records.

(4) Know air supply requirements for pneumatic systems, and
the components and purpose of these components in instru-
ment air supply systems.

(5) Know how to make electrical connections, how to recognize
defects in electrical wiring, cable color-codes, and know
various insulations for different applications.

(6) Know how to effectively troubleshoot a system to locate
the defective component instrument.

(7) Know the theory of operation, how to use, and how to main-
tain the dead-Weight tester.
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(8) Know how to set up for calibration of all instruments
available to us - to actually perform calibrations of instru-
ments assigned.

(9) Know how to properly dismantle the 13A DP cell, reassemble,
calibrate and place in service in flow loop.

(10) Know how to.properly dismantle the 613 DM DP cell,
reassemble, calibrate and place in service.

(11) Know how to dismantle, reassemble and calibrate the model
69TA-1 transducer.

(12) Know how to dismantle, reassemble and calibrate the model
66FR-2 air-to-current transducer.

(13) Know how to troubleshoot the model 6400 recorder, what
key points to check for wear or binds, and how to set up
and calibrate the recorder.

(14) Know how to locate key voltage points in the model FR-316-
C-2 frequency-to-current transducer, and how to properly
set up and calibrate the FR-316.

(15) Know how to locate key voltage points, the various functions,
and how to properly calibrate the Foxboro model 62H
controller.

(16) Know the theory of operation of the motor control system,
how to follow the wiring diagram and actually wire the
system completely and operate, and how to properly dress
wiring.

(17) Know how to calibrate the model 40 recorder, and how to
check for wear and binds.

(18) Know how to dismantle, reassemble and calibrate the Foxboro
control valve # 25.

OUTLINE OF INSTRUCTION:

I. Care and Use of Hand Tools

A. Instrument maintenance tools
B. Shop tools.

II. Instrument Cleaning and Lubricating

A. Visual inspection
B. Types of lubricants

2
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C. Points of lubrication to be conOdered

III. Instrument Cleaning and Lubricating

A. Visual inspection
B. Types of lubricants
C. Points of lubrication to be considered
D. Lubricatton precautions
E. Maintenance records
F.

IV. Control Signal Transmission

A. Air supplY requirements
B. Elements of air supply systems
C. TUOing:

1. Material
2. 'Size,

3. ConneCtion
4. Tubing.installation

D. Pipe
1. Material
2. Size.-
3. Connection
4. Pipe installation

E. Electrical wiring
1. rdonnection
2. Protection
3. Color coding
4. Cabler

V. Final Control Elements

A. Instaliation
B. Maintenance
C. Cal1brat4on

VI. TroublestIting

A. absic steps
B. Repairs

VII. Preinstallation Preparation of Instruments

A. Bench check
B. Operational checks

VIII. Instrument Mbunting

A. Purpose
B. Procedure
C. Inter-connection



IX. Iastrument 'Parts and Components

A. Frequency or inspection
B. Parts replacemeht
C. Methods of removal
D. Repairs to parts

. Thermocouple Fabrication and Installation.

A. Fabrication
B. Insulation
C. Thermocouple
D. Extension wire installation
E. Calibration procedure

XI. Instrument Renoval.from,System

A. Coordination With. operition
B. Tag out

Instrument Installation

A. Safety rules
B. Procedures
C. Final adjustments

Systeirlibubleshootint.

A. Discussion
B. Process, a 8r
C. Past records

persOu..

I.

Chicago; .11.:...i4rnerIca!"1".01.1.100i,,So
.

natruine Alan.;
T.B0,cos,,Col.

. `;.! , ,,

.iUSESTED REFEliENCES:

Fribanae't...AUstitt.. cattlal rünChiiiii*O1C,-,Now:YOrle:
Mcgraw,H11.1 Book Co., 1942.:

O'Higgina, PatriCK 4., Basii Inatio Dttion,ndustr1a1 Meicturement.
,

,Nett,York; MalraW#H111 ,Bookee .)



Anderson, Norman. Industrial Process Control. Foxboro, MA: Foxboro Co.
Latest Edition.

Warren, John. Control Instrument Mechanisms. Indianapolis, IN: The
Bobbs-Merrill Co., 1967.

Zoss, L.M., and Delahozke, B:C., Industrial Process Control. Albany,
NPW York: Delmar Publishers., Latest Edition.

Kirk, Franklin W. and Rimboi Nicholas R. Instrumentation. Chicago, IL: 4A
ec n C. oc

Marcus, Abraham and Lenk, John D. Measurements for Technicians. Englewdod
Cliffs, NJ: Prentice-Hall Inc., 1971.

LaJoy, Millard H. Industrial Automatic Controls. Englewood Cliffs, NJ:
Prentice-Hall Inc., 1955.

Elonka, Stephen, and Parson, Alonzo. Standard Instrumentation Questions
and Answers Vol. I & II. New York: McGraw-Hill Book Co.,1962.

Harvey, Glenn F. Standards and Practices for Instrumentation. Pittsburgh, PA:
Instruments'Society of America., 1974.

Considine, Douglas M. Handbook of Applied Instrumentation. New York:
McGraw-Hill Book Co., 1564.
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_COURSE DESCRIPTION:

A chemistry course designed to acquaint the student with basic concepts
applied to industrial chemical processes. In thelaboratary these conceptswill be put into practice using industrial type equipmentto gather the

COURSE OUTLINE

T CHM 117 INSTRUMENTATIOWCHEMISTRY

COURSE HOURS PER WEEK: Class, 5; Laboratory,

QUARTER HOURS CREDIT: 6.

PREREQUISITE: None.

OBJECTIVES:

Either durtwor upon completion of this course, the student should pass
with a proficiency determined by the institution oral and/or written
examinations covering the material in the outline of instruction. As a
minimum a student shall:

(1) Solve problems using dimensional analysis to convert
data from the Metric System to the English System.

(2) List and give examples of the forms of matter, the classes
of matter and the forms of energy.

(3) List ten of the more commonly used physical properties
of elements and compounds.

(4) Identify various parts of the Periodic Chart and be able
to name the various families of elements.

(5) Make simple skitaies of the atoms.of the first twenty
elements and correctly identify/the parts.

(6) Explain how atomic weight is obtained and how it is used.

(7) Define ionS and molecules and to list and define five
types of bonding.

(8) Write the formula for the compounds given.

(9) Write the equation and balance it for all of the samples
given.

(10) Define and give examples of acids and bases and *write
equations for the preparation of three different acids
and three different bases.



(11) List and give examples of the three classes of salts.

(12) Define pH and explain how pH is used.

(13) Work problems Osing the various gas law relationships.

(14) Explain why water is used as a standard for many physical
property determinations.

(15) Demonstrate how to prepare solutions of the four standard
strengths.

(16) Differentiate between electrolytes and non-electrolytes
and explain now each affects the colligative properties
of solutions.

(17) List and give examples of the four basic types of
recreations.

(18) List the factors that affect the rate of reaction.

(19) Demonstrate a comprehension of redox by solving simple
redox equations.

(20) Demonstrate a comprehension of the Electromotive Series
by solving galvanic cell problems.

(21) Explain electrolysis and electroplating.

(22) Explain the difference between a galvanic cell and a
storage battery.

(23) List seven general classifications of organic compounds.

(24) Identify and give the use of the compounds given.

OUTLINE OF INSTRUCTION:

I. Conversion Units

A. Using dimensional analysis
B. Metric units
C. English units
D. Conversions

II. Matter and Energy

A. Matter
1. Three forms

2
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EnergY*
1. forms

a,.Mic

Electilcil
e.

,

: Nuclear
C. law of conservation.of matter-and ene
D. PhYFIcal, chat*.

PhysiCal:.popey!.tleS...

.1160",griutiOn :

B. MeltinvpOint
C. i$00cificlheW

E. ".:Vaixjr.Oi'Ots.ure
.

F. 0611 ing point .

G. Deniity"
H. Viscosity
I. Conductivity

1. ! Thermal

2. r.ElreCtrical

J. .Hardhets '
K. 'Crystat form

'Malleability'and ductility
. , . .

' I

I Generat'DisCussion of the. Elenents

V. The PeriOdid Chart

. .

A. Groups .or families
B. Periods' .

D. Atonic. number
E. -Atoinic Weight
F. Other ,data

#,

Auntie. strlicture
A.., 'ProtOit, .

B. Voka'
ibtOotiv,



F. Shel 1 s

G. Subshells
H. Orbials
I. Isotopes
J. El ectron. Configurations

K. Valence,

VII. Ions, Molecules, Bonding

A, Ions

2. Anions
3. Ionic bonds

B. Molecules
1. Like atoms
2. Unlike atoms
3. Bonds'.

a. Covalent
b. Coordinate covalent
c.. -Hydro*
d. Van der-Waal
e. Metal tic

Formulas and Equations

A. How to write a formu
1.' Symbols
2. Valehie
3. Radicals-
HOW 'to' wrfte-an equation

1.- SymbolS
2: Waking

Acids,* Basis, Salts

Actds
.

1. *Definitton

2..:-PrePatetion

3. :-TYPes*-
a:, 'Mineral
,b. -Organic

Bases
1. Definition
2. Preparation

C. pH .

1. Definition

2. Measurement
D. 'Salts',

1. TYpet
2 . Preparation



U. Mlles
D. pV = nRT
E. Partial pressure

XI. itatier and Solutions

A. Water -
B. Solutions

1. The solution process
2. Strength

a. Molar
b. Molal-
c.. *need
d. Percent by weight

iiI. Electrolytes and Non-Electrolytes

A. Electrolytes
B. Non-electrolytes
C. Colligative properties

1. Vapor pressure depression
2. Melting point lowering
3. Boiling point elevation
4. Osmosis

XIII. Reactioes

A. TYpes
B. Collision theory
C. Rate
D. Equilibrium

A. Whit is -e redox reaction
B. Naltree0tion,..:

D. __Balancing r*-

XV. Electrochemistry

I I 1. .1

A. .. The .eliCtrometivt series
B. El ectrode potentials
C. Galveni4:.-0.011s-
D. ;EIectrotiiii....:.
E....EleCtroplatiag.
F. Sterage;,b4terY

4;I:c,1.-Sh. Ard.



XVI. Organic Chemistry

f.

A. !ntroduction
B. Types of compounds

1. Hydrocarbons
a. Aliphaiic
b. Aromatic

2. Alcohols
3. Aldehydes and Ketones

_

5. Etheis
6. Halides
7. Esters
8. Amides

C. Uses for above

SUGGESTED TEXTS:

Lewis. College Chemistry. 9th Edition. New York:
Noble publishers.
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EQUIPMENT LIST: 61 ELECTRONICS

Page 1

Code No. Same of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

I. Teething SysteMi-

1

2

FIRST YEAR

10 Basic Electronic Teaching '750.00 7,500.00
Systems

10 Basic Electricity 340.00 3,400.00
Teaching System

II. Instruments

12 Multi Function Meter 250.00 3,000.00
DC, AC volts, Ohms (HP)
427A, Hewlett Packard,
or equivalent.

*4 12 Milliammeter 65.00 780.00
Lab volt 442,

or (12 -0 -10ma

milliammeters) Parker
SL35, (12 -0 -50ma

milliammeters) Parker
SL35, or equivalent.

5 1 Incirduit transistor 89.50 89.50
tester Sencore TR139,

--or equivalent;

*6 12 Multimeter VOM 150.00 1,800.00
Triplett 601 and/or

Phillips PM 2400, or
equivalent.

*Indicates the minimum items required for this list to furnish basic
austere support.
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61 ELECTRONICS Page 2
Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

FIRST YEAR

7 1 Tube Analyzer 470.00 470.00
Triplett 3444-A,
or equivalent.

*8 10 OsdilloSeope 695.00 6,950.00
(DC -450KHZ), Triggered
X-Y (Balanced Amplifiers)
TEK 503 or Phillips

PM 3221, or equivalent.

9 1 Oscilloscope, Storage 2,875.00 2,875.00
Dual Trace,-Time Base,
Sampling, Four Trace
Plug ins. TEK 564B
(3A3, 3B3, S-1, 3A74),
or equivalent.

10 10 Radio Frequency 150.00 1,500.00
Generator, 100 KhZ-
50 MHZ

*11 20 Attenuator PI er for
scopes

26.00 520.00

*12 10 Law Capacity probes for
scopes

26.00 260.00

13 1 Current probe for scope 110.00 110.00

14 1 Scope cart with plug-in
carrier, TEX 201-2, or
equivalent.

140.00 140.00

*15 30 Resistance Decade_Box . 40.00 1,200.00

*16 10 Capacitance Decade Box 30.00 300.00

17 2 Wheatstone Bridge 200.00 400.00
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61
ode o.

ITEM NO. QUANTITY

18 2

19 1

20 1

21 1

III. Power Supplies

*22 ao

*23 10,

*24 10

ELECTRONICS Page 3
ame of ist

UNIT MAL
DESCRIPTION PRICE PRICE

FIRST YEAR

Volt-amp-watt meter 150.00 300.00
(0-3KW), Simpson, or
equivalent.

Potentiometer Leeds & 400.00 400.00
Northup LN4258, or equiv-
alent.

Standard Cell, for
potentiometer

40.00 40.00

potentiometer
180.00,

-

Audio.Oscillator 320.00 3,200.00.
Sine and Square Wave
.HP209A or equiv-
alent.

Power Supply (Voltage
regulated, current
regulated) 11P62098
or equivalent.

235.00 2,350.00

Variahle transformer 26.00 260.00.
G1W5L1 or equiv-

alent. .'

*25 10 Bench Power Supplies 115.00
Voltage and Current
Regulated. 1P6214A
or equivalent.--------- _-,---- -1-,,

IV. Furniture

26 10 Work Surface 38.00 380.00

27 10 Component Base 63.00 630.00
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61 DLECTRO Page 4
Code No. Name of Lict

ITEM NO. QUANTITY DESCRIPTION
FIRST YEAR

UNiT
PP,:CE

TOTAL
PRICE

28 10 Instrument Storage 35.00 350.00
Base

29 Assorted Stotage 831.00
Shelving and Storage
Cabinet

30 1 Shop Desk w/Drawer 54.00 54.00

31 1 Stool, Masonite 11.40 11.40
Seat w/Back

32 20 Stool, Masonite Seat,
24 in.

6.48 129.60

V. Tools (may be purchased as supplies)

33 1 Electric *Drill, 1/4 in. 40.00 40.00

34 1 Circle-Hole Cutter 3.24 3.24

35 1 Countersink .54 .54

-, ... .

36 1 Steel Tape, 10 ft. 1.00 1.00

37 2 Hacksaw 3.15 . 6.30

38 1 Combination Square 2.52 2.52

39 -Snips-, 10.in-, Aviation .2.88-- 24-86.

40 2 Hammer, Plastic Head 1.95 3.90

41 2 Scratchawl, Scriber .48 .96



61 ELECTRONICS Page 5
Code No. Name of List

ITEM NO. QUANTITY

42 2

43 2

44 2

45 2

46 2

47 2

48 2

49 6

50 2

51 30

DESCRIPTION
FIRST YEAR

Hammer, Ball-Pein
8.oz.

Drill Set, High Speed
1/16 in. to 1/4 in.

UNIT
PRICE

1.50

3.75

TOTAL:
PRICE

3.00

7.50

Chisel and Punch Set 2.33 4.66

Wrench, Adjustable 1.77 3.54
6"

Wrench Set, Open End, 7.70 15.40
10 pcs.

Nutdriver Set 10.00 20.00

Electrician's Knife 1.85 , 3.70

Chassis Punch Round

2 ea. - 5/8 in. dia. 2.30 4.60
2 ea. - 3/4 in. dia. 2.30 4.60
2 ea. - 1 in. dia. 2.55 5.10

Chassis Pundh, Square

1 - 1/2 in. sq. 4.95 4.95
1 - 1 in. sq. 7.10 7.10

Screwdriver, Standard

10 - 4 in. .69 6.90
10 - 6 in. .91 . 9.10
10 - 3 in. 1.10 11.00
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61 ELECTRONICS . Page 6
Code No. Name of List

UNIT TOT
ITEM NO. QUANTITY bESCRInION PRICE PRI

FIRST YEAR

52 25 Screwdriver, PIT.::11ips

10 - 01 .76 7.
10 - #2 .84 8.

5 - #3 1.05 5.

53 3 Screwdriver, Offset,
Standard

1.16 3.

54 3 'Screwdriver, Phillips,
Offset

1.16 3.

55 4 Screwdriver, Clutch-Head 77 3.i

56 2 Hex-Key Wrench Set,
15 pcs.

1.17 2.

57 10 Long Nose, Needle Point 3.61 36.
Pliers w/cutter, 6 in.

58 10 Needle Point, Diagonal 3.67 36.
Cutter, 6 in.

59 3 Pliers, Tongue - N - 3.50 10.
Gryove 10 in.

60 3 Pliers, Lineman 8 1/2 in. 4.80 14.,

61 5 Pliers, Slip joint .87 4.

62 3 lever Wrench Pliers, -1.56 4.
Vise Grip 8 in.

63 10 Soldering Gun 7.15 71.!



ode No. Name of Liat

ITEM NO. QUANTITY DESCRIPTION
FIRST YEAR

64 5 Pencil Soldering Iron

65 1 Alignment Tool Kit

66 2 Tube Pin Straightener

67 1 File, ROund, 10 i .

Bastard Cut

68 1 File, Three Square,
6 in.

69 1 File,'Flat, 8 in.
Bastard Cut

70 1 Benth ViSe

71 2 Tapered Reamer,
1/8 in. - 1/2

Tap -mid Die Set

73 De-SOldiring ibbli

with Askittid,tlir
Unger 7860 goi Vic;
or eiluivaleni.

74 -

Ungar 6992, Or ecfuili-
glen t .

75 2 Magnifier Lamps,
for printed circuit
work, Luxo LFM-1,
or equivalent.

Page 7

UNIT TOTAL
PRICE PRICE

4.70 23.50

14.17 14.17

1.27 2.54

5.97 5.97
.

6.48 6.48

6.52 6.52

13.40 13.40

1.26 2.52

28.04 28.041

30:00

36.00 72.00



61 ELECTRONICS
Page 8Code o. 1ame of ist

ITEM NO. QUANTITY

VI. Shop Equipment

DESCRIPTION
FIRST YEAR

UNIT
PRICE

TOTAL_
PRICE

76 1 Bending and forming
brake (18") Little

8.98 8.98

Giant or equivalent.

77 1 Punch-Prisa-Shear 8.95 8.95
Little Giant or

equivalent.

78 1 Drill Press with Vise 75.00 75.00

79 1 Bench Grinder 50.00 50.-00

SECOND YEAR

I. Teaching Systems -

80 5 Industrie: Ylectronics 662.00 3,310.00Teaching Sytems

81 1 Transistor Lecture 1,100.00 1,100.00
Demonstration Unit

82

*83

1

10

Industrial Instrumen-
tation Training Unit,

Logic Trainer,

Indiana Instrument,
UORrC, or equivalent.

5,600.00

295.00

5,600.00

2,950.00

84
Microwave Laboratory- ----2000:00----Kit

85 1 Instrumentation 5,000.00 5,000.00Training Unit, Philco
4003, or equivalent.



ode No. ame of Liat

ITEM NO. QUANTITY DESCRIPTION

*86

87

SECOND YEAR
Instrments

10 Oscilloscope, Dual
Trace plug-in. TEK
546, IA or equiv-
alent._

1 Set of Oscilloscope
plug-ins Four Trite*,
Operational, Strata gauge
Sampling. Differential.
TEK IA4, 0, Q, 1A5,

ISI -or 'equivalent.

88 1 Osailloscepe - Dual
Beam, 2 single trace
plug-in :MK 551, IC
or equivalei,t,

89 1 targe screen oscillo- 2,420.00 2 420.00 :

Page

UNIT
PRICE

'

iroTAL
PRICE

2,375.00 23 750.00

3,010.00 3,010.00

2,470.00 2,470.00

scope dital traee :aid
time base PlUg-in
probes..:,SP 143A,'
1405A,,:14214,.23d0001B
or equivalent..-.

90 1 Scope cart with drawer
HP 1117B, 10475A, or

equivalent.

11 Scope*,Cart'With plugAn
carrier.. pa-, 202--; or

10 Digital Voltmeter' With-
plug-in..HP 3439A,
3444A,-3445A, or

-Phil341-121r.Z6Zr or
equivalent.

10 Multifunction meter. 475.00
AC Volts, DC volts &
Amp, OHMS. HP 410C.
or Ballentine 300G
or equivalent. ,



61

Code No.
ELECTRONICS
Name of List

ITEM NO. QUANTITY

94 1

95 1

96

*97 2

98 1

99 01

DESCRIPTION
SECOND YEAR

Trace recording Camera
with projector and adapter
for oscilloscopes, TEK
C-12, 016-0204-00, 016-
0243 -00 or equivalent.

Electrometer and
DC amplifier.General
Radio GR1230A or
equivalent.

Frequency Counter -
0-50M H-Z time inter-
val, frequency converter
plug-in. HP 5245M,
5267A, 5253B or equiv-
alent.

Impedance Bridge
GR 16508 or equiv-

alent.

Vector impedance meter
HP 4800A or equiv-

alent.

Power Output meter
GR1840-A or equiv-
alent.

*100 1 Laboratory Standard
Decade Resistor.
GR 1434P or equiv-
alent.

*101 1 Laboratory Standard
Decade Capacitor
GR 14198 or equiv-

alent.

*102 1 Laboratory Standard
Decade Inductor,
GR 1491-F or equiv-

alent.

261

Page 1.0

UNIT
PRICE

TOTAL
PRICE

650.00 650.00

595.00 595.00

4,000.00 4,000.00

450.00 900.00

1,650.00 1,650.00

325.00 325.00

137.00 137.00

270.00 270.00

715.00 715.00



61
Code No.

ELECTRONICS
Name of List

ITEM NO. QUANTITY

*103 1

104 1

*105 1

106 1

107 1

*108 1

109 1

110 5

111 5

112 1

113 1

DESCRIPTION
SECONDYEAR

X-Y Recorder 11" x 17"
with time base

GR 7005B, 17108A
or equivalent.

Stroboscope, GR 1531-AB
or equivalent.

Radio Frequency Bridge.
GR 1606B or equiv-

alent.

Microwave Power Meter

Distortion
HP 331A

slant.

Transistor
TEK 575
alent.

Laboratory
HP 6920B

alent.

Analyzer.
or equiv-

Curve Tracer.
or equiv-

Standard.

or equiv-

Volt-ohm meters, low
voltage for solid
state work, Triplett
630L, or equivalent.

Volt-ohm meters, high
sensitivity-low reading
(200,000 ohms/v) Triplett
630 NS, 601, or equiv-
alent.

Audio Frequency
Microvolter, GR 546C,
or equivalent.

Megohmmeter, with both
100V and 500V test
voltages, GR 1862C, or
equivalent.
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Page 11

UNIT
PRICE

TOTAL
PRICE

1,370.00 1,370.00

310.00 310.00

1,150.00 1,150.00

500.00 500.00

650.00 650.00

1,200.00 1,200.00

695.00 695.00

66.00 330.00

125.00 625.00

250.00 250.00

185.00 385.00



.-

61 ELECTRONICS Page 12
Code No.

ITEM NO. QUANTITY

III. Power Supplies

Name of List

DESCRIPTION
SECONDYEAR

UNIT
PRICE

TOTAL
PRICE

114 1 Time Mark Generator. 760.00 760.00
TEK 184 or equiv-
alent.

*115 10 Pulse Generator 380.00 3,800.00
HP 1217C or

equivalent.

116 1 Sweep generator 3,950.00 3,950.00
HP675A or GR1025A
or equivalent.

*117 1 Radio Frequency 1,550.00 1,550.00
Signal Generator
HP6068 or equiv-

alent.

118 7 Dual Power Supplies,
Hewlett-Packard Co.

450.00 3,150.00

#62278, or equivalent.

119 7 Dual Power Supplies,
Hewlett-Packard Co.,
#62288, or equivalent.

450.00 3,150.00

120 6 Function Generator,
Hewlett-Paukard Co.,
#3310A, or equivalent.

575.00 3,450.00

IV. Auxiliary

121 1 Calculator, basic pro-
grammable electronic.

3,000.00 3,000.00

Desktop with options
for peripheral equipment
(printer, card reader,
plotter, or special pro-

grammed functions) Hewlett
Packard model 9810A, or
equivalent.
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ELECTRONIC EQUIPMENT COMPANIES
REPRESENTATIVE :.:STYG*

Hewlett-Packard Corporation
1501 Page Mill Road
Palo Alto, California 94304

Tektronix Inc.
Box 500
Beaverton, Oregon 97005

Sencore, Incorporated
426 Westgate Drive
Addison, Illinois 60101

Phillips Electronic Instruments
750 S. Fulton Avenue
Mount Vernon, New York 10550

Triplett Electrical Instruments Company
286 Harmon Road
Bluffton, Ohio 45817

General Radio Company
22 Baker Avenue
West Concord, Massachusetts 01781

Simpson Electric Company
5218 W. Kinzie Street
Chicago, Illinois .60644

Philco Ford Corporation
815 Connecticut Avenue, N.W.
Washington, D. C. 20026

LabVolt Educational Systems,
Division of Buck Engineering Company
P.O. Box 686
Farmingdale, New Jersey 07727

Parker Instruments
200 Harvard Avenue
Stanford, Connecticut 06902

Indiana Instruments
P.O. Box 8368
St. Petersburg, Florida 33738

Electrolab Corporation
.

8 Kiwi Path

Liverpool, New York 13088

#This is not a complete listing of all Buell companies;, neither does inclusion
'imply special approval, nor does omission imply disapproval of a company.
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61 Electronics Page _IL__
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITIM TOTAL

122 1 Printer, alpha-numeric, 675.00 675.00
for calculator above.

123 1 Function Block, plug-in 485.00 485.00
print cpmplete alpha for
above calculator.

124 1 Function Block, plug-in 485.00 485.00
mathematics model for
above calculator.

125 1 Function Block, plug-in 485.00 485.00
statistics model for
above calculator.

126 1 Reader, Card for above 850.00 850.00
calculator.

127 1 Plotter, for above 2,675.00 2,675.00
calculator. HP Model
9862A, or equivalent.

128 1 RF Field Strength Meter, 425.00 425.00
Jerrold Model 7208, or
equivalent.

129 2 Word Generator, Two 1,200.00 2,400.00
Channel, 32 Bit, 2 to
16 Bit Words, Bit Rate
10 HZ to 10 M HZ.
H-P8006A, or equivalent.

130 2 Pocket Calculator, 395.00 790.00
engineering, logarithmic,
trigonometric, math func-
tions. 35 key, 10 decimal
digits, 4 registers.

Hewlett-Packard, 35 HP, or
equiv.

131 2 Security Cradle for pocket 25.00
calculator, HP Model 82007A,
or equivalent.
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61 Electronics Page 14
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

132 1 Battery(s), with Battery 18.00 18.00
Pack, Model No. 82004A,
or equivalent.

133 1 Logic Analyzer, HP5000A, 1,900.00 1,900.00
or equivalent.

134 1 Logic State Analyzer, 2,650.00 2,v50.0C
HP1601L, or equivalent.

135 4 Operational Amplifier, 225.00 900.00
TEKAM501, or equivalent.

136. _ 1 Cabinets-Storage Wood 356.00 356.00

137 1 Benches, Crafts, Wood 532.00 532.00

138 . -1 Mark -Sense/Punched 5,000.00 5,000.00
Card Reader to be compatable
with above calculator (#121)

139 1 VHF FM transceiver 144 to 148 320.00 320.00
megohertz, with a minimun of ti,A

watts output. power. Drake
72 or equivalent

140 1 MF Transceiver CW and SSE with CCL.00 600.00
a minimuninput power of 1::% watts
PEP. Drake TR-4C or equivalent

141 1 Digital computer trainer ts,th 6,A.:.00 6,895.00
accessible circuit boards Jqd tey .

points. Selectable circuit
"troubles" for service traiP;.d.
Eight bit word. Single step or
continuous operation capability.
Digiac model 3060 or equivalent

142 1 Teletype unit for use with 1,600.00 1,600.00
digital computer trainer above.typewriter
or paper tape capability. Model
ASR-33 (Digiac 3061) or equivalent.

*Indicates the ailimum items required for the list Lu furnish b,4ic austere
support.
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61

Addendum

ELECTRONICS TECHNOLOrN
EQUIPMENT LIST - 61 Page 15

Code No. Name of List

ITEM
NUNCIR QUANTITY DESCRIPTION

UNIT
PRICE

TOTAL
PRICE

143

144

1

1

AM-FM Stereo Generntor
and Analyzer

Power Monitor Mete;
AC Voltage, Curr4nt,
Wattage Meter

$ 595.00

$ 75.00

$ 595.00

$ 75.00

145 1 Spectrum Analy!er $6,200.00 $6,200.00
1500 MHZ with
Variable Persince
Display

146 30 Transistor Bread:nA $ 9.50 $ 285.00
Sockets tO AccommaJatc

147 12

Minimum 4 - 14 Pin 1)11",

Linear Integrated CIreiCt $ 99.95 $1,199.40
Breadboarding System
For OP-AMP's

148 1 Circuit Demcnstrator $3,995.00 $3,995.00
Magnetic Clift1k:loard

Breadboar&a:v 4stem

149 5 Logic Troubltshooting Kit $ 250.00 $1,250.00
Including (1) Logic Probe
(2) Logic Puiser (3) Logic Clip

150 8 Digital Integrated Circuitry $ 99.95 $ 799.60
Breadboirding System
To Handle TO-5 and
DIP Package Configuration

$199,809.00

htw IuTAL COT

APpROVED: Febrilary, 1976
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61
Code No.

ITEM NO. QUANTITY

ELECTRONICS
Name of List

DESCRIPTION

ADDENDUM:

Page 16

COST OF
ITEM TOTAL

High Grain Antenna Tower $234.00 $234.00

APPROVED: August, 1976

$200,043,00
NEW TOTAL COST
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eQUIPMENT LIST: 58 F.:41=meg,
Code No. .NiMe of List

'$120,576.45

Cost

15

Supporting Base

THIS EQUIPMENT LIST SHOULD BE REVIEWED WITHIN TWO YEARS

AFTER ITS EFFECTIVE DATE.

SUPERCEDES LIST(S)

Electrical Technology dated December *1965 PLEASE DESTROY

dated PLEASE DESTROY

DEPARTMENT OF COMMUNLTY COLLEGESDate: December, 1969 DIVISION pF OCCUPATIONAL EDUCATION
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Ronald C. Gyles

Norman Lackey

RaymondA. Fuhrer

oonald E. Johnson

Kincheon H. Bailey

Fralk A. Gourley, Jr.

wen1ThE

Central Piedmont Community CollegeTH.

Catawba Valley. Technical Institute

Gaston College

Davidson County Community College

W. W. Holding Technical institutp

Department of-Community Colleges-
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ELECTRICAL Page 2

de No. Name of List

UNIT TOTAL
l' NO. QUANTITY DESCRIPTION PRICE PRICE

Fractional Horsepower 5,000.00

Motors, and ien*rators,
and AccesiorleCincludingt
Bases, DovIr-Generator;

iplit ehase Motor, 1/3 h.p.;
Capacitor Start Motor 1 0 1/3
h.p.; Induction Motor, 3 0;
Wound Rotor Motor V; De Motor,
compound wound; DC Generator,
compound.wound; Syn. Alternator,
3 0; Synehronous Alternator 1 0;
Rssistanc b3ad Unit; Resis-
tance Reaatance Load Unit;
Speed Control Rectifier; and
Prony Brake.

Instruments

2

7.

7

7

2

2

Tachometer, Stewart 8.50
Warner THT 757

Multimeter, VOM, 49.00
w/breaker, Simpson 260,
or equivalent.'

17.00

343.00

Wattmeter, Simpson.390, 15.00 385.00
or equivalent.

AC Ammeter, LahVolt 461, 62.70 438.90
.1 to 10 amp

low Range Ohmmeter, 25.00 50.00
Simpson 363, or equiv-
alent.

DC Ammeter, kabvolt 442, 62.70 250..80
or equivalent.

Voltmeter, Ammeter, 53.00 106.00
Snaparound, Amprobe R8-3,
or equivalent..

Wheatstone Bridge,
Industrial Instruments
101 -2, or equivalent.
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SOIPMENT LIST: 58
Code No.

E!!:t."1"3.C.A1,

Nairot

sw.INTInim
3F4 o !moll . ol4

.UNIT TOTAL
ITU NO. QUANTITY DESCNIPTION PRICE PRIM

I. Teaching Systems

1 1

2 1

1 1

4 1

5 'I

6 7

7 4

8 2

9 .i,AA

10 1

11 1

Electrical Phenomena, 462.00 462.00
Crow 500 G

Variable Condenser, 54.00 54.00
Crow 512

High Inductance Coil, 51.00 51.00
Crow. 515

A Auto-Transformer Assembly, 32.00 32.00
Crag/ 517

Meter, Lecture, Crow 39.00 117.00
507

Basic Electricity To/Attie '1401.'60 2,380.00
System . lroltv i.tive, i

Anads t dell lie k Erdriii ' 5.50-60. 1;100.00
Teaching System

' &Waist innal Traf ne KAI:" `gligiOt1:60 20000.00
Thy,mo- t ro1;vmoviii.1,., ,E,,(1: on u grn. ,

Con t rol Uni t

'414)&0. Con t iti t litettif it, ;' '3:IPA:IO0A) 1;000.00
Thy-mu- trol ..1 ttl,1 so; turt 17

'Mob fie Trans foriler'-ib' 6 ''"3 12 i:itio 3:925.00
Learning teriterfiu i mit, (, iii24:3 liglits'e

.1,.484.00p, '..
Solid State Logic Learning3,752.00 3,752.00
Ing Wenter comp let4ii l ''n°1 nit'. -1

with Mebilellitenehl '"Wr
.714.i0/.:,P; .'"!

*Indicates the minimum items required for this list to furnish basic
austere support.
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Code No.

ELECTRICAL .

ame of List

iTE NO. QUANTITY DESCRIPT:ON

21

22 1

23

24 1

25 8

26 8

27 2

28 1

29

30 1

31

32 4

33a 4

34 12

Wattmeter, Simpson
391, or equ alent.

Wattmeter, Simpson
392, r equivalent.

Capacitor Analyzer,
Cornell Dubilier

71A, or equivalent.

Armature Test CroWler

Wheatstone Bridge,
Slide WIT*

Galvanometer Labvat
4518, or equivalent..

Kilowatt-Hotir Meter,
220V - 3 Wire

Kilowatt-Hour Meter,
2 1/2 Element 220V

Kilowatt-Hour Meter,
3 Element, 220V

Demand Meter w/KWH,
Type H-W2

Megger, Insulation
Tester, Biddle 7679

Vacuum Tube Voitmetets,
FET Norelco PM 2400
or Triplette 601, or
equivalent.

Eagle Signal "'liner

A-C Ammeters Ranges
0-5/10, 0-25/50, Type
AP-9, General Electric,
or equivalent.

273

Page 3

UNIT 10TAL
PRICE PRICE

44.00 44.00

44.00 44.00

130.00 130.00

45.00 45.00

811.00 8.00

57,00 456.00

40.60 80.00

55.00 55.00

72.00 72.00

125.00 125.00

305.00 305.00

150.00 6r) 00

75.00 300.00

55.25 663.00



58 ELECTRICAL

Code No. fira71777timt

ITEM NO. QUANTITY DESCRIPTION

15 9 A-C Voltmeters Ranges
0-15/75, 0- ,0/300, Type
AP-9, Gtaeral Electric,
or equival nt.

36 9 Wattmeters Type AP-9,
A-C, 1 1/2/3 KW, Double
Current 10/20 Amps
Double.Voltage 150/300
Volts, General Electric,
or equivalent.

37 Ammeter, D-C, 3-Amp. G.E.
Type DP-9, or equivalent.

38 3 Ammeter, D-C, 7.5-Amp.
G.E. Type DP-9, or equiv-
alent.

19 3 Ammeter, D-C, 30-Amp.
G.E., Type DP-9, or equiv-
alent.

40 3 Ammeter, D-C, 50-Amp.
G.E., Type DP-9, or equiv-
alent.

41 3 Voltmeter D-C, 15/75 Volt
G.E. Type DP-9, or equiv-
alent.

42 3 Voltmeter D-C, 150/300 Volt
G.E., Type DP-9, or equiv-
alent.

41 3 Strohotttc, General
Radio Type 631-111., or
equivalent.

44 I Phase sequence meter
G.E. Catalog P462X62

45 3 Ligotmeter with Filter,
Footcandle
Meter with eas weHton

portable
Multi-Purpose Cal. 4614,

or equivalent.

UNIT
PRICE

Page 4

TOTAL
PRICE

53.00 477.00

100.25 902.25

54.00 ; 4 q0

54.00 162.00

54.00 162.00

54.00 162.00

68.00 204.00

68.00 204.00

400.00 1,200.00

25.00 25.00

21.00 63.00



58 ELECTRICAL . Page
Code No. Name of List

UNIT TUTAL
ITEM NO. QUANTITY DESCRIP.i 1 PRICE PRICE

4u I AC Clamp, VrIt-AmMeter,
Weston 633, Jr eqttiv-

alent.

142.00 142.00

4/ 2 OseilloseOtte, Tekttonic 900.00 1,800.00
503, with Leads

48 I Strobottedpe, Oeheial 343.00 343.00
Radio 1531A, ot bqUiV-
alent.

4'1 2 Industrial Circuit 177.00 354.00
Tester, 0/Steel Case
and Test tkadm, Weston
7115, or equlValent.

1.10 Therk-OMeter4 CoMplete
w/One Preibe, SiMpsott,

389-3L, or:.equiValent.

63.00 63.00

2 Thermistor Leads for 5.00 10.00
Model 389-3L, Above,
Simpsdn 0010b oi'equiv-
aIent.

S2 1 X.Y . Recorder 1,800.00 1,800.00

HeWlett-Packard, Model
115A, or equivalent.

SC 4 Decade Resistance 116xts 40.00 160.00

III. Vower !coppii0:: and AhmlItary Psoipment

ti4 Laboratory bIstribntIcin 22,000.00 22,000.00
Hoard, b Section;
w/ f oil cloWi ng piiientl

I - linoy

.60 - #10 Cords
#6 Cotds 4'

2 - 'Cord Ratik

3 -IOW:le ttansfOrnlek.Beneh,
1 to 3 KVA eaeh

2 ri 3



58
Code No.

ELECTRICAL
Name of List

Page 6

UNIT MAL
ITEM NO. QUANTITY DESCRIPiION PRICE PRICE

f - Set Core.: flr Above
16 - B-1 0. sets -- 4 wire

1 - 11-2 Jutlet

1 - H-' .let

1 - H-3 Gang Box
1 - X-4 Outlet
4 - X-5 Emergency Station
1 - X-6 Outlet
54 - Cords #I4-4'
32 - Cords #16-4'
5 - Cords 014-8'
2 - REM-1 M-C Sets
2 - H-TAD Panels
2 - Sets Cords: 22 ea. Set
2 - H-AS-1 AC Starter Panel
2 11-SR-1 Slip Ring Panel
2 - H-16-1 OC Starter Panel
2 - H-SP-1 Motor Panel
2 - H-SM-1 Motor Panel
2 - H-1R-1 Induction'Reg. Panel
2 - H-SRC Rotary Converter Panel
2 - 1141W-1 Worm Wheel Assembly
2 - H-R1 Mobile Dollies
2 - Sets Panel Cords: 25/set
1 - Storage Rack
20 - Cells, Nickl Cadmium Battery
1 - Battery Rack
1 - 3 Unit M-G Set
1 - Switch and Magnetic Starter
1 - Dynamometer
1 - 110-341 Tachometer
10 - Sets Instruction Manuals
1 - Set, Drawings
Hampden, or equivalnt.

55 2 Audio Generators, 270.00 540.00
Hewlett-Packard, 204C.

56 10 Battery Ellminator 50.00 150.00
Low voltage variable
supply

57 2 Single Phase, Split 42.50 95.00
Phase, 1/2 HP, 115 Volt
AC Motor
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'-de No.
ELECTRICAL.
ame of Liet

Page 7

ITL14 NO. 4UANTITY

1

DESCRIKION

Repulsion St 'rt.

Induction 1; , 1 HP,
115 Volt AC Motor

UNIT
PRICE

85.00

TOTAL
PRICE

85.06

t. 8 Magnetic Starter 32.00 32.00
1

1 Motor Starter Manual,
Siz 1

28.00 28.00

h Split Phase, induction 50.00 100.00

Motor 1/2 HP, 120-240
Volt. AC

1 Capacitor Start, 50.00 100.00
Induction Motors
1/2 RP, 120-240 Volt,
AC

i Current Transformers,
50/5 amps, Through

9.00 18.00

Type

(14 2 Current Transformers,
100/5 amps, ThrAigh

9.00 18.00

Type

1,5 4 Powerstats, Single Phase,
Manual, Superior 116, or
equivalent.

24.00 96.00

fib Powerstat, Three Phase,
Manual, Superior 116

62.00 62.00

V-3, or equivalent.

Timing Relays, Pneumatic,
Square O Type AG, or
equivalent.

60.00 240.00

bs 2 Timing Relays, lectronic,
Square D Type EG

78.00 156.00
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58 ELELTRICAL
Code No. Name of List

Page 8

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTIOb PRICE PRICE

09 1 AC Reversir M..4netic

Starter, S45are D, or
equivalent.

/0

1 ea. - Single PhaHe 80.00
1 ea. - Three PhaHe 100.00

1 AC Combination Magnet,: 100.00
Starter, Square D

80.00
100.00

100.00

71 3 AC Magnetic Colia.ictors, 33.00 99.00
Single Phase, Square D,
or equivalent.

/2 2 AC Magnetic Contactors, 31.00 62.00
Three PhaJe, Svlare D,
or equivalent.

71 3 AC Yanual Stamers, Single
Phase, Square D, or equiv-
alert.

2 ea. - Non-reversing
1 ea. - Reversing

25.00 50.00
75.00 75.00

74 1 AC Manual Starter, 32.00 32.00
Lint Tight, Square D,
or equivalent.

75 3 AC Manual, Drum Switches, 11.00 12.00
Reversing, Square D, or
equivalent.

76 DC Magnetic Relays, Square 25.00 50.00
D, or equivalent.

/7 1 DC Contactor and Starter, 75.00 75.00
Square D, or equivalent.

78 8 AC Magnetic Relay, Square 30.00 240.00
D, or equivalent.

19 12 Standard Duty Control 7.50 90.00
Stations, Assorted,
Square U, or equivalent.

278



58
Code No.

. ITEM NO. QUANTITY

6

uhakicAL
Name of List

DESCRIPTION

Air-Circuit 'reakers,
with Red PiLot Light
and Enclosure, 30/50
amp.-1 Po.e, 250 Volt,
15,000 I.C. 4rtg1eed
Case

Page

UNIT TOTAL
PRICE PittCE

110.0 660.00

ht A-C Motor Starter, 1,200.00
Size #2, Reduced
Voltage, 3-Phase,
60 Cycle, 220 Volt
Auto-Transf. Magnetic
Type. SQ "D" with
Overloads for 5-11.Y,

Motor Starter, Primary
Resistance, Size #2
3-Phase, 220 Volt,
Magnetic SQ "D" type
DG-2 with Overloads
for 5-11.P.

350.00 350.00

2 Motor Ctarter, Across- 84.00 168.00

the-lEne .ype, Size #2
Motor, 3-Phase, 220 Volt,
Magnetic, with Jverloads
for S-H.P., for 3-Phase,
220-Volt. SQ "D" DG-1,
or evivalent.

84 i Motor Stnrter, Magnetic 44.00 132.00

Across-the-line, Size #1
suitable lor 220 volt
60 Cycle, 3-Phase, A-C
Motpr.similar to St) "0"
Co.. Cat , /ICC- or equiv-
alent.

85 9 Momentary Push liQuon 7.5:
Station in general purpose..
enclosures, start-stop
similar to St) "D" Cat.

#11-30, or equivalent.
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Code No.

ITEM NO. QUANTITY

811

Si

sti

8.)

2

2

2

ELLCIRICAL

ame of List

DESCRIPTIO:.

Pilot Lights & Enclosures
for 220 lit its. Similar
to SQ "0" Cat, #11-49

Zero Speed Switch Allen-
Bradley Co., Cat. #808EI,
or equivalent.

Motor-Generator Set,
Driving A-C Motor
3-H.P., 220 Volt, A-C,
3-Phase, 1750 RPM.
Generator 3 K.W., 120
Volts, 0-C having both
shunt and series fields,
Mounted on common base,
G.E. Co. Motor SK 213A6201
and Generutor SC",2/6E124
and with suitable llete-
type Field Rheostat

Motor-Gener .or Se. hat-
ing a 3-H.P. 120 Volt
D-C 1750 RPM Motor
driving another 3-HP,
120 Volt D-C Moto,' mount-
ed on a common base
similar to G.7, Co.
SCD 216E124 with two
suitable Platetype Fiela
Rheostats

Motor-Generator Set hay-
ing a 5-KVA, 4-KW-1800
RPM, 3-Phase, 60 Cycle,
120/240 Volt A-C,
Synchronous Alternator
Model SJ256 and a Com-
pound D-C Generator
4 1/2 KW., 1750 RPM,
125 Volt, D-C, 36 Amps.
on a common base with
two suitable field
Rheostats. C.E. 142304A

280

Page 10

UNIT
PRICE

TOTAL
PRICE

14.00 42.00

103.00 206.00

1,150.00 2.300.00

1,300.00 2,600.00

1,850.00 3;i4,:.3 .00



58 ELECTRICAL Page 11
Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DE8CRIP1U0L PRICE PRICE

Instruction Book,
Outline Dra .ng
#6271146" & 894A95
Diagram of Connectionw,
G. E. wmpany, or
equivalent.

91 1 Voltage Regulator 3,100.00 3 500.00
7 1/2 KVA, 3-Phase,
104 Amp. 120/208
Volt Circuit yith
20% Raise and 20%
Lower from Normal
Incoming Line Voltage.
Motor driven G.E.
Co. Catalog 031D5180M,
or equivalent.

92

93

94

2

2

2

Reversing Motor Starter,
Size 01 Suitable for
5-H.P., 3 Phase, 220
Volt A-C Induction Motor
similar to SQ "0" Co.
type DG-1 wieh Over-
load Prote.tion

Direct Current Magnetic
Motor Starter with Putilt

Button suitable for a
3-H.P., 120 Volt, D-C,
1750, 24 Amps Compound
Motor. With enclosure
similar to G.E. Co. Cat.
# with Momentary Push
Station

Direct Current Magnetic
Motor, Starter with Push
Button suitable fdr a
5-H.P., 120 Volt, D-C,
1750, 24 Amps CoMOoiind
Motor. With Encloiiure
similar to G.E. Cat #
with momentary Push Station

281

96.00 192.00

300.00 600.00

450.00 900.00



58 ELECTRICAL
Code No. Name of Li.at

ITEM NO. QUANTITY

95 3

96 3

97 3

98 3

99 2

100

10i 4

102 1

WI- 1

104 1

105 1

106 1

107 1

108 1

DESCRIPT

Wire Control Panel,
individual ( ponents
as descrlhed in
Electric Motor Control
Lab MaLual by Walter
N. Alerich, Delmar.

Relay and Lighting Panel,
as described in Electric
Motor Control Lab Manual.

Jog Control Panel,
as described in Electric
Motor Control Lab Manual

Forward-Reversing Panel,
as described in Electric
Motor Control Lab Manual

Drum Switch Panel, as
described in Electric
Motor Control Lab Manual

Speed Cont;o1 Panel,
as described in Electric'
Motor Control Lab Manual

Mobile Power Consoles

AC Controller

AC Motor, 3 horsepowe-

AC Motor, 3 horscpcmer

DC Controller

DC Motor, compound
wound

Resistance Load Bank,
mobile

Capacitance Load Bank,
complete

282

Page 12

UNIT
PRICE

TOTAL
PRICE

155.20 465.60

142.90 428.70

111.20 333.60

363.40 490.20

145.05 290.30

138.80 277.60

6,065.00 12,130.00

2;002.00 2,002.00

78.00 . 78.00

406.00 406.00

2,277.00 2,277.00

741.00 741.00

586.00 586.00

681.00 681.00



58 ELECTRICAL Page 13
Code No. Name of List'

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

109 1 Iaductance Load Bank, 601.00 601.00
mobile

110 1 Lot of SerLce Outlets 1,500.00 1,500.00
compleLe iricluding
Cords

111 1 Panel for IndUstrfal 4,900.00 .4,900.00
Electricit'y 'Lab, 2-
section Bas lc

112 1 Fractional Hord 4ower AC 1,160.00 1,160.00
Controller

113 1 Fractional Horaepcfrrer 3,085.00 1,085.00
DC Controller

114 .1 Fractional HorsepoWer 1,541.00 1,541.00
Dynamo Meter, comfilete
with m-abile bench'
and' TadionietMr

11.5 1 Toroidal Saturable 228.00 228.00
Reactor

116 5 Transforicr Reactor 228:00- 1,140:00
cholee Ki-ta'

117 1 ApplianCe Test ConSole 1,390.00 1,390.00
Mobile

118 h Power Parieli; 169.00 1,014.00

119 6 Tunnel Modulei for Power 22.00 132.00
Paiiel.

IV. !;pecial PurpOsc EquipMthit for Salk! State MC)ior Control Devices

120 3 Power Supply, NEM' trie 125.00 375.00
1 Enclosuie 115 Voit,
A-C, G. E. Co. Ilek241511.011f

or equivaliii.
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E LE CT KICAL

NIMMINIO
Page 14

Code No. Name of List

UNIT TOTAL

ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

121 12 Output Amplifier,
115 Volt, 1

60.00 720.00

G.E. CR2451,101A, or

equivalent.

122 Input Device, Single 35.00 105.00

Phase, Sine to square
wave and unit reset,
G.E. #CR245G103A, or
equivalent.

123 15 Logic Functions Two-2 28.00 420.00

Input "AND" with Standard
and Inverted Outputs

124 9 Logic Functions 1'wo-3 28.00 252.00

Input "AND" with Standard
Output

1.25 Logic Function One-6 19.50 117.00

Input "AND" with Standard
Output G.E. Cat. 1CR245A116A,
or equivalent.

126 18 Logic Functions Two-3 30.00 540.00

Input "OR" with Standard
Output G.E. Cat. #CR245813A,
or equivalent.

1'27 1 5 Logic :Functions Two-1 24.50 _367.50

Input'"NOT" with Standard
Output G.E. Cat. OCR245111A,
or equivalent.

128 6 Logic Functions One-3 22.00 132.00

Input Sealed "AND" with
Standard and Inverted
Output, C.E. #CR245A213A,
or equivalent.

129 6 Logic Functions Two-3 17.50 10.5.00

Input "AND-NOT" with
Standard Output G.R.
11CR245C103A, or equivalent
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ELECTRICAL
Page 15

0.;dc No. Name of List

UNIT TOTAL,
ITEM NO. QUANTITY DESGR1PTI.4 ; PRICE PUCE

130 6 Logic Funetioo Two-3 28.00 168.00
Input "OF Apr with
Standard Output G.E.
Cat. ffe---:;45C1138,-or

equivalent.

131 9 Logic Functions One 50.00 450.00
"Retentive Memory"
with Standard and
Inverted Output G.E.
#CR245E112A, or equiv-
alent.

132 4 Logic Functions One 25.00 225.00
"OFF-RETURN MEMORY"
with Standard and
Inverted Output,

C.E. OCR245E112A, or
equivalent.

133 1 Logic Function "DELAY" 44.00 132.00
(.006 - .03 sec.) with
integral potentiometer,
G.E. #CR245F1108, or
equivalent.

114 9 Logic Functions "DELAY" 44.00 396.00
(.04-12 sec.) with
integral potentioneter,
G.E. Cat. #CR245F111A,
or equivalent.

135 3 Logic Functions "DELAY" 49.00 147.00
(8-300 sec.) with Integral
potentiometer, G.F.. Cat.
#CR245F111B, or equiv-
alent.

Ito 13 "Origina: Input" Devs.ces, 37.00 666.00
Two 115 Volt, A.C, C.E.
Cat. %al:2458102A, or equiv-
alent.
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10 No. Name of List

UNIT TOTAL

DESCRIPIION PRICE PRICEMEM NO. QUANTITY

117 3

12

139. 1

10 1

!41 3

142 1

141 1

1.44 1

Power Supply Incoming 10.00 30.00

A-C Line 11 .er, C.E.

#CR245X1U3A, or equiv-
alent.

Base Assembly, 8 Unit 16.00 192.00

Accessory Device, G.E.
#CR245T108A, or equiv-
alent.

Wire Terminals, Package 32.00 32.00

of 500, C.E. #55-163857P1,
or equivalent.

.G.E.,Probe Test Light 2900 87.00

Cat. #CR245X101A, or
equivalent.

Multi-Unit Push Button 45.00 135.00

Station, 16 Units,
Allen-Bradley Catalog
#800T-16TZ, or equiv-
alent.

Untrol Relay Cabinet, 80.00 240.00

Steel, 4W'XI2', wall-
mounted, Terminal
blocks at bottom of cabinet
for 120 #14 Wire connect-
ions, Panelette Co, or
equivalent.

Custom Built Control 1,000.00 1,000.00

Panel consisting of
11 rows of 18 terminals
per row.

12 Alarm Point Labinet 240.00 720.00

Annunciator, witb model
S.F. Flasher, Pilot 6iyhtg,
Audible Signal, Scram
Instrument Co., or equiv-

alent.
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ELP.GIRIXAL
Code No. Name of List

Page 17

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

V. Shop Equipment

145 1 Electric Drlil. 3/8"
variable speed, Black
& Deck r, or equiv-
alent.

146 1 Machinist Vise, Stanley
3993 A, or equivalent.

147 8 Soldering Gun, Weller
0-350, or equivalent.

148 1 Pencil Soldering Iron,
Hexacon 25 S35, or
equivalent.

VI. iurniture

149 8 Work Surfaces, Lab-Volt.
ET, 3' x 6', or equiv-
alent.

150 8 Component Lases, for
above, Lab-Volt. DB,

or equivalent.

151 8 Instrument Storage Same,
for above, Lab-Volt. C8,
or equivalent.

152 1 Shelving and Steel Cabinets
for Storage

153 1 Shop Desk w/Drawers, Penco
33110, or equivalent.

154 1 Stool, Masonite Seat
w/Back, Bay 14131-2732,

or zquivalent.

155 15 Stool, Masonite Seat,
24", Bay M1-24, or
equivalent.

287

60.00 60.00

11.00 11.00

6.90 55.20

5.10 5.10

38.00 304.00

63.00 504.00

35.00 280.00

600.00

54.00 54.00

11.40 11.40

6.40 96.00
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ELECTRICAL

ame of List
Immion Page 18..

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

VII. Tools (May be purchased as sunnlles)

156

157

158

16 Magnetic Compass

2

1

3.00

Flashlight, Everready 3.00
2251, or equivalent.

Circle Hole Cutter,
Stanley 419, or
equivalent.

3.24

48.00

6.00

3.24

159 I. Countersink, Stanley .54 .54
137, or equivalent.

160 1 Steel Tape, 10 ft., 1.00 1.00
Stanley CA 010W, or
equivalent.

161 2 Hacksaw, Honey 2623, 3.15
or equivalent.

162 1 Ccmbination Square, 2.52
Stanley 225, or equiv-
alent.'

6.30

2.52

163 1 Snips, 10" Aviation, 2.88 2.88
Stanley 15435, or
equivalent.

164 2 Hammer, Plastic Head, 1.95 3.90
Stanley 594, or equiv-
alent.

165 2 Scratch-Awl, Scriber, .48 .96
Stanley H 1202

166 2 Hammer, Ball Peln 8 oz., 1.80 3.60
Stanley 308 El

167 2 Drill Set, High Speed, 10.00 20.00
Jobber Size 060 to 1/2",
Hanson S-113

-488



58 LLLaRICAL Page 19

Code No. Name of List

UNIT TOTAL

ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

168 2 alisel and Punch Set, 2.33 4.66

Cincinnati .001 160

Wrench, Ad.;ustable 6" 1.77 3.54

Williams, Superadt 6

170 2 Wrench Set, Open End, 7.70 15.40

10 pcs., Thorsen PC-10

'71 2 Nutdriver Set, Xcelite 5.76 11.52

127

172 6 Electricians Knife, 1.85 3.70

Klein "XELA" 1550-2

173 6 Chassis Punches, Round,
Greenlee Type ?30

2 ea. - 5/8 in. dia.
2 ea. - 3/4 in. dia.
2 ea. - 1 in. dia.

174 2 Chassis Punch, Square,
Greenlee Type 731

1 - 1/2 in. sq.
1 - 1 in. sq.

2.30
2.30
2.55

4.60
4.60
5.10

4.95 4.95
7.10 7.10

175 1 Knockout Punch Set, 11.00 11.00

1/2" - 1 1/4" Greenlee
735

176 24 Screwdrivers, Standard
Proto, or equivalent.

8 - 4" 9304 .69 5.52

8 - 6" 9806 .91 7.28

8 - 8" 9808 1.10 8.80

27 Screwdriver, Phillips
Proto, or equivalent.

8 - #1 9682 .76 6.08

8 - #2 9684 .84 6.72

3 - #3 9686 1.05 3.15
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58 ELLLTKICAL Page 20
Code No. Name of List

UNIT 10TAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

178 3 Screwdriver, Offset, 1.16 3.48
Standard, S.anley
3800, ol equ:valent.

l79 3 Screwdriver, Phillips, 1.16 3.48
Offset, Stanley 3423,
oi equivalent.

180 4 Screwdriver, Clutch-Head,
Xcelite, or equivalent.

2 - G 183 .72

2 - G 5324 .81

181 2 Hex Key Wrench Set, 1.17
15 pes., doney N 6R

1.44
1.62

.2.34

182 8 Long Nose, Needle Point 3.61 28.88
Pliers w/Cutter, 6",
Kraueter CG 826, or
equivalent.

183 8 Needle Point, Diagonal 3.67 29.36
Cutter, 6", Kraueter
CG 5601, or equivalent.

184 3 Pliers, Tongue - N - Grove 3.50 10.50
10", Kraueter CC 710,
or equivalent.

18') 1 Pliers, Lineman 8 1/2" 4.80 14.40
Kraueter CC 1801, or
equivalent.

186 8 Pliers, Slip Joint, Proto .87 6.96
201, or equivalent.

187 3 Lever Wrench Pliers, Vise 1.56 4.68
Grip 8" Preto 291, or
equivalent.

*Indicates the minimum items required for this list . iurnish basic
austere support.
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ELECTRICAL EQUIPMENT COMPANIES
REPRESENTATIVE LISTING*

Hampden Engineering Corporation
East Longmeadow, Lassachusetts

Stewart-Warner Micracircuits, Inc.
730 E. Evelyn Avenue
Sunnyvale, California 94086

Simpson Electric Company
Division of Ameri:an Gage &
Machine Company

520V W. Kinzie Street
Chicago, Illinois 60644

Amprobe instruments
Division of Sass Manufacturing Company
630 Merrick Road
Lynbrook, New York 11563

Industrial Instruments Corporation
8400 Research Road
Austin, Texas 78758

Cornell-Dublilier Electronics
Newark, New Jersey

Crow/Universal Scientific Company
1102 Shelby Street
Vincennes, Indiana

Hickok Teaching Systems, Inc.
Wheeling Avenue
Woburn, Massachusetts 01801

General Electric Company
570 Lexington Avenue
New York, New York 10022

Biddle Company
Twp Line & Jolly Road
Plymouth Meeting, Pennsylvania 19462

Superior Electric Company

383 Middle Street
Bristol, Connecticut 06010

Triplette Electric Instrument
Company

500 Harmon Road
Bluffton, Ohio

Square D Company
Executive Plaza
Park Ridge, Illinois 60068

Weston Electrical Instruments
Company

(Division of Daystrom Inc.)
450 Mountain Avenue
Murray Hill, New Jersey

General Radio Company
30 Baker Avenue
West Concord, Massachusetts

Allen-Bradley Company
1201 S. Second Street
Milwaukee, Wisconsin 53204

Tektronix Incorporated
Box 500
Beaverton, Oregon 97005

Electrolab Corporation
P.O. Box 326
Liverpool, New York 13088

*This is not a complete listing of all such companies; neither does inclusion
imply special approval, nor does omission imply disapproval of a company.
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EQUIPHEHT LIST: 190 ELECTROMECHANICAL

Code No. Name of List

$122,731.00

Cost

20

Supporting Base

THIS EQUIPMENT LIST SHOULD BE REVIEWED WITHIN TWO YEARS

AFTER ITS EFFECTIVE DATE.

NEW LIST 1---1

REVISED LIST EED Please destroy cover ages dated

Replace with cover anc rages attached.

Date: June, 1976
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Thomas B. Hardison

Foy Willson

Kincheon H. Bailey

James Gaudreault

Frank A. Gourley, Jr.

Otto Blumenstine

COMMITTEE

Catawba Valley Technical Institute

Lenoir Community College

Wake Technical Institute

Central Piedmont Community College

Department of Community Colleges

Catawba Valley Technical Institute
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190 ELECTROMECHANICAL Page 1

Code No.

ITEM NO. QUANTITY

A. Servomechanisms

Name of List

DESCRIPTION
COST OF
ITEM TOTAL

1. 1 Mechanical Kit, Type 785.00 785.00
1000 Automat or PIC,
or equivalent.

2. 2 Motor Kit, Type 4-12 95.00 190.00
Automat, or PIC, or
equivalent.

3. 1 Servomechanism Kit 1000.00 1000.00
Servomotors (AC/DC)
Synchros - central
Transformer Potentio-
meter (multiturn)
Tachometer generator, or
equivalent.

B. Computer Teaching Systems

4. 2 Dataflow Wall Charts IBM,
List #42 for 1401, or
equivalent.

95.00 190.00

5. 1 Dynamic Timer, IBM,
List #14 fcc 1401, or
equivalent.

100.00 100.00

6. 1 Computer (IBM 1401), or
equivalent.

7. 1 Fludic Logic Trainer 700.00 700.00
Eastman - Fludic
Circuit Panel, or
equivalent.

8. 1 Analog Computer Trainer 4500.00 4500.00
EAITR-20 or equivalent

C. Mechanical

9. Surplus: -- Input Output Devices (as required) 1000.00
Coffee/Coin Machines
Automatic Washers
Desk Calaulators
Juke Box, Record
Changers
Cash Registers
Automative Sub-systems
Gun Directors
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190 ELECTROMECHANICAL Page 2

-Code No. Name of List

COST OF
IFEM NO. QUANTITY DESCRIPTION ITEM TOTAL

Instruments

10. 1 Strip-Chart Recorder 3,000.00 3,000.00
Hewlett Packard 7000
series, or equivalent.

11. 1 Cart for Oscilloscope, 150.00 150.00
or equivalent.

12. 1 Polaroid Camera 250.00 250.00
w/scope attachment,
or equivalent.

13. 1 Microscope-Stereoptic 450.00 450.00
w/zoom attachment,
B & L, or equivalent.

14. 1 Micrometer X-Y table 125.00 125.00
for microscope, or
equivalent.

15. Transducers:
a. Pressure
b. Force
c. Motion

(as required) 1,000.00

16. Force Gauges, (as required) 1,000.00
Torque Gauges, etc.,
or equivalent.

17. Commercial Equipment 5,000.00

A. Systems

1. Industrial Controllers
2. Conveyor
3. Pneumatic
4. Cleaning

B. Components

1. Relays
2. Solenoid - valves
3. Regulators
4. Actuators - Hydraulic/Pneumatic
5. Clutches
6. Cams
7. Storage Devices/Counters
8. Switches, steppers
9. Amplyfiers: Differential, Operational

NOTE: Each school should select systems and components based upon the
local industrial needs.
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190 ELECTROMECHANICAL Page 3
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

Tools, etc.

18. Miscellaneous Hand Tools 500.00 500.00

19. Measuring Tools

a. Micrometer
t. Calipers
c. Feeler Gages
d. etc.

750.00 750.00

20. Special Hand Tools

a. Power screw drivers
b. Pneumatic wire wrap

750.00 750.00

Mockups

21. 1 1402 Punch Unit 225.00 225.00

22. 1 1403 Print Chain 200.00 200.00
Circular Slide Rule

23. 1 1403 Printer Slide Rule 175.00 175.00

Shop Equipment

Metal

24. 1 Brake - 3' 100.00 100.00

25. 1 Shear - 3' 100.00 100.00

26. 1 Drill Press 125.00 125.00

27. 1 Vise - 6" 45.00 45.00

28. 1 Bench Grinder 50.00 50.00

29. 10 Vise Portable 15.00 150.00

30. 1 Tap and Die Set 700.00 700.00
(Pipe & Screw Sets)

31. 1 8" Maximat Lathe 850.00 850.00

32. 1 Greenlee Punch Set
(Round & Square) 100.00 100.00

33. 1 Nibler 25.00 25.00
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190 ELECTROMEUNICAL Page 4

Code No.

IrEm NO. QUANTITY

Name of List

DESCRIPTION
COST OF
ITEM TOTAL

34. 1 Copper Tube Tools 25.00 25.00

35. 1 Band Saw, small 400.00 400.00

36. 1 Acetylene Torch 125.00 125.00

Wood and Plastic

37. 1 Radial Table Saw
w/attachments

400.00 400.00

38. 1 Belt Sander 200.00 200.00

39. Power Sources 3,000.00 3,000.00

Special Purpose Equipment

40. 1

41.. 1

42. 1

43. 1

44. 1

a. Special AC (as required)

b. DC (as required)

1. Rotating (High Current)
2. Electronic

c. Pneumatic Compressor
w/Air Cleaners, Filters
and Oilers

d. Hydraulic

Computer Service , 1,500.00 1,500.00
Equipment

Vacuum Technology 2,000.00 2,000.00
Equipment roughing
and diffusion pumps,
gauges, peripheral
equipment.

Sound level measurement 5,000.00 5,000.00
equipment.

Servomechanism Kits 15,000.00 15,000.00

Desk calculator, 2,000.00 2,000.00
programmable
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190 ELECTROMECHANICAL Page 5
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

Furniture

45. 1 Desk, Workbenches,
Storage Cabinets and
Stools (See appropriate
cataloys)

46. 1 Hydraulic/Pneumatic
Set-up Tables
(See Hydraulics and
Pneumatics, Equipment
List No. 98)

5,000.00

6,000.00

47. 2 Electromechanical 6,850.00 13,700.00
Training Console

48. 2 Compressor Kit
(price included in
console)

49. 2 Electvo-Hydraulic 6-60.00 1,300.00
Servo Valve

50. 2 Basic Hydraulic 1,200.00 2,400.00
Package

51. 2 Rotary Motor 965.00 1,930.00

52. 2 Rotary Loading Package 325.00 650.00

53. 2 Pressure Transducer
Assembly 860.00 1,720.00

54. 2 Force Transducer 1,130.00 2,260.00
ksembly

55. 2 Flow Transducer 1,250.00 2,500.00
Assembly

56. 2 Instrumentation Amplifier 320.00 640.00

57. 4 Linear Actuator 655.00 2,620.00
Assembly

58. 4 Linear Loading Package 400.00 1,600.00

59. 2 Transducer Readout Panel 350.00 700.00

60. 2 Fluidic Logic Trainer 1,095.00 2,190.00

61. 2 Pneumatic Trainer 980.00 1,960.00
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190 ELECTROMECHANICAL Page 6
Code No. Name of Li:A

COST OF
1,111 NO. QUANTITY DESCRIPTION ITEM TOTAL

62. 2 Electric to Pneumatic 150.00 300.00
.Interface Package

63. 4 DC Servo Controller 635.00 2,540.00

64. 4 Gear Train with 500.00 2,000.00
Digital Encoder

65. 2 Digital Logic irainer 1,195.00 2,3c0.00

66. 2 Electrical Control 350.00 700.00
Package

67. 2 Digital to Analog 195.00 390.00
Converter

68. 3 Process Control Simulator 1,595.00 4,785.00

69. 1 Programmable read only
memory (PROM) Programmer

2,000.00 2,000.00

Featuring: Program,
list, duplicate,
and verify operation
modes.

Program capacity
of 4096 and 8-bit words

Hoxadecimal Keyboard (0-9, A-F)
x.vadecimal address and

display.
(si :ck-load, zero inser-
tion force, PROM sockets.
Packaged in high-impact
plastic carrying case.
117 VAC 60 Hz. power
requirements.
Ultraviolet lamp erase
capability.
Computer interface
(8-bit parallel data
transfer capability).
Teletype interface for
ASR 33 teletypewriter.
PROM Programming
Modules for Intel.
1702A, 9702, 2704, 2708,
3604.

70. 7 Microprocessor Desi;n 500.00 3,500.00
System Containing tile
Following:

Front panel with provi-
sion for control and
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190

Coda No.
ELECTROMECHANICAL

Name of List
Page 7

COST OF
ITEM NO. QUANTITY DESCRIPTION IFEM TOTAL

monitoring of micro-
processor functions,
data switch input and
display, display of
status and interrupt
signals, and single-
step execution of
programs.
Asynchronous control
card allowing micro-
processor operation
with teletype terminals
and modems using ELA RS
232C standard interface
20 MA. current loops.

Central processing card
using Intel 8080 micro-
processor integrated
circuit containing all
necessary signal
buffering, gating,
and clocking control.
Interface board providing
signal and power buses
and two solderless bread-
boarding sockets for
interface circuitry.
Memory card containing
up to 4K of static read/
write memory and 1K of
ultraviolet-erasable prom
memory.

71. 7 Mizxoprocessor Outboard 315.00 2,205.00
Circuits consisting of
one each of the following:
Power outboard
Logic switch outboard
7-segment display
with decoder/driver
Clock outboard
Led lamp monitor

outboard, Dual lamp
monitor outboard
Programmatle timer/counter
outboard
Universal outboard
Driver/inverter/NOR (DIN)
Outboard
Pulse generator
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190

Code No.

LLECTROMECHANICAL Page 8
t'dn, of List

COST OF
ITEM NO. QUANTITY ; ,CRIPT1ON ITEM TOTAL

Variable power supply
(3-14v) outboard
Monstable outboard
Kluge card outboard
Line driver/receiver
and TTL/RS232C
interface outboard TTL/
20MA current loop inter-
face outboard
BCD decode counter/4 bit
binary counter
Latch outboard
Decoder outboard
Multiplexer outboard
Universal asynchronous
receiver/transmitter
UART outboard

Microprocessor Accessories
consisting of one each
of the following items:

72. 7 Tools and I.C. Sockets 27.50 1)2.50
Xcelite 72CG 5-inch
chain nose pliers
Xcelite R184 screwdriver
(4-inch blade; 1/8"
lip width.)

Xcelite 101-S wire
stripper/cutter
No. 22 gauge insulated
wire (100 ft., red; 100 ft.
black)

14-pin I.C. Sockets
16-pin I. C. Sockets
24-pin I. C. sockets

73. 7 Components - Electrical: 23.00 161.00
Resistors (112 watt, 5%
carbon film)
20 each 1000 ohms
8 each 100, 150, 220,
330, and 470 ohms
3 each 1500, 2200,
3300, 4700, 10K, 22K,
33K, 47K, 100K, 220K, 470K,
IM ants 10M ohms.
gvacitors
2-40765 PF, 220 PF
470PF, 0.001UF 0.002U1,
0.005UF, 0.10iff, and
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190

Code No.
ELECTROMECHANICAL

Name of List
Page 9

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

0.33UF ceramic
disc.

2 each 1.0UF, 4.7UF
10UF, and 47UF,
electrolytic
Light-Emitting diodes
(LEDS), witfi specification
sheets
6 each red National NSL-
5021
One seven-segment LED
display
Opcoa SLA-1
One Litronix Data Lit 704
display

74. 7 Components - Integrated 155.00 1085.00

Circuits IS-AP3

75. 7 Integrated rircuit Labels, 6.50 45.50
approximately 500
individual adhesive-
backed; for series 7400
TTL Integrated Circuits.
(IS-SW3).
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EQUIPHENT LIST: 101

Code No.
INSTRUMENTATION

Name of List

See Last Page

Cost

20

Supporting Base

THIS EQUIPMENT LIST SHOULD BE REVIEWED WITHIN TWO YEARS

AFTER ITS EFFECTIVE DATE.

NEW LIST CD

REVISED LIST (::] Please destroy cover and pages dated

Replace With cover and pages attached.

Date: danuarv. 1977

3 0 3

DEPARTMENT OF COMMUNITY COLLEGES

PROGRAM DEVELOPMENT



R. L. Pearson

W. N. Allen

Barney Melton

Franham Caney

Karl Cleveland

William H. Coleman

Foy Willson

Frank A. Gourley, Jr.

COMMITTEE
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EQUIPMENT LIST: 101 INSTRUMENTATION.

Page

Code No. Name of List

UNIT TOTAL

ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

1 2 Calibrator, Electronic 445.00 890.00

Consotrol 0-24 ma. to
0-60 ma. Foxboro Model
8121 N-118-FP, or equiv-
alent.

2 2 Pneumatic to currentcon- 215.00

verter input 3-15 psi,
output 10-50 ma. Foxboro
Model 66FR-2, or equiv-

alent.

3 2 Voltage to current conver- 265.00
ter input 0-5 V.D.C.,
output 10-50 ma. Foxboro
Model 66 GR-OW, or equiv-
alent,

4 2 Receiver Recorder, 290.00

Electronic consotrol, Fox-
boro Model 6410HF, or

equivalent.

430.00

530.00

580.00

5 2 Case Recorder, Model 40 110.00 220.00

R-31C, Foxboro, or
equivalent.

6 2 Receiving Element for 85.00 170.00

Model 40R, PC 3-15
Foxboro, or equivalent.

7 2 Bellows for Model 40R 85.00 170.00

0-100 in. W.C., Foxboro
Model PB-CC, or equiv-
alent.

*Indicates the minimum items required for this list to furnisb basic

austere support.
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101 INSTRUMENTATION

Code No. Name of Liat

ITEM NO. QUANTITY

8 2

9 2

10 1

11 1

12 6

13 2

14 1

DESCRIPTION

Indicating Receiver Con-
troller 0-100 scale,
3-15 psi input, Foxboro
Model 52A SP4, or

equivalent.

Current to Air Trans-
ducer 50 ma. to 3-15
psi, Foxboro Model
69 TA-1, or equivalent.

Electronic Differential
Pressure Cell. Input

20-205 in. range,
10-50 ma. signal 100
dJff., Foxboro Model
6:.3 DM, or equivalent.

Pneumatic Differential
Pressure Cell, input
20-205", Foxboro Model
13 A 1, or equivalent.

Combination Filter-
Regulator 5-35 psi,
1/4" pipe. Fisher 67

FR, or equivalent.

Dial Thermometer,
50-500° F Weston
No. 19385-3, or
equivalent.

Pneumatic Temperature
Transmitter. Bulb

diam. 3/8", sensitive
length 6", 3-15 psi
output, 100°F span,
3 1/2' tubing Foxboro
Model 12 A, or equiv-
alent.

15 1 Oil bath "Magni-Whirl"
Model MW-1145 A Blue M.
Electric Co., or equiv-
alent.
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Page 2

UNIT
PRICE

TOTAL
PRICE

410.00 820.00

130.00 260.00

485.00 485.00

280.00 280.00

17.00 102.00

8.50 17.00

255.00 255.00

450.00 450.00



101

Code No.
INSIRMENTATION
Name of List

Page 3

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

16 1 Tech Trainer D-1 636.00 636.00
Master Demonstrator
or equivalent. Tech
Trainer Corp., Chat -
tanoga, Tenn.

17 10 Student panel Racks 219.00 2,190.00
Tech Trainer Model
D2, or equivalent.

18 10 Complete experiment 4,000.00 44,000.00
module for student
panel Rack. Tech -

Trainer "M" series.

19 4 Pneumatic Hand 50.00 200.00
Calibrator, 0-18 psi,
Taylor 44 S 390, or
equivalent.

20 4 Pneumatic Hand 50.00 200.00
Calibrator, 0-160"
of water column,
Taylor 44 S 369, or
equivalent.

21 2 Dead weight tester, 260.00 520.00
0-1000 psi Ashcroft,
or equivalent.

22 10 Pressure test gauge, 37.00 370.00
3" diam., 0-30 psi,
0.5% accuracy. U.S.

Gauge Figure 1408, or
equivalent.

23 1 Pressure test gauge 115.00 115.00
8 1/2" dial. 0-30
psi, 1/4" bottom
connector, 0.25%
accuracy, U.S. Gauge
Figure 1400T, or equiv-
alent.
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IpsTmanomalou_ Page 4
Code No. Name of List

ITEM NO. QUANTITY

24 2

25 1

26 1

UNIT TOTAL
DESCRIPTION PRICE PRICE

Portable Potentiometer 250.00 500.00
Indicator, Dual range,
0-30 my.and 0-60 my.
Foxboro, or equivalent.

Foxboro Pneumatic Temper- 243.00
ature Transmitter
Model: 45, or equivalent.

243.00

Foxboro EMF to Current 420.00 420.00
Converter
Model: 693AT-0
Input Signal: 2 to 60 my.
Output Signal: 10 to 50 ma

d-c into
100 to 700
ohms

27 1 Foxboro Frequency to 470.00 470.00
Current Converter
Model: FR-316-2
Calibratl)n: To Fox-
boro 1-81F5C2
Turbine Meter

Flow Range: 3.50 to
50.0 GPM

Output: 10 to 50
ma d-c into 100 to
600 ohms

28 2 Foxboro Cunsotrol 510.00 1,020.00
Controller
Model: 62H-4E

(Proportional
and reset)

Instrument Connection:
10 Conductor Cable

(Reference H-11-A3), or
equivalent.

29 1 Foxboro Electronic Con- 50.00 50.00
sotrol Alarm
Model: 63R-OA High Alarm
Part No.: No-152-KA, or
equivalent.
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101 INSTRUMENTATION Page 5
Code No. Name of List

ITEM NO. QUANTITY DESCRIPTION
UNIT
PRICE

30 1 Foxboro Square Root 170.00
Extractor, Model:
557, or equivalent.

31 2 Foxboro Control Valve 160.00 ea.

32 1

33 2

34 5

35 2

36 2

37 1

Type: Single seat,
top and bottom guided
End Connections: Wide
range V-port, C.I. body,
S.S. trim Actuator: P-25
Size: 1-inch, CV equals
10.1, or equivalent.

TOTAL
PRICE

170.00

320.00

Foxboro Power Supply 70.00 70.00
for Force Balance Trans-
mitter Model: 610-AT-0,
or equivalent.

Foxboro Receiver 85.00 170.00
Elements for Recorder
Receiver: Model:
4 OR Serial No. 1923662
Type: PC 3-15, or equiv-
alent.

Pressure test Gauge, 75.00 375.00
4 1/2" Dial 0-100 psi,
1/4" bottom connector
U.S. Gauge, Figure 5000,
or equivalent.

Pressure switch 25.00 50.00
United Electric, or
equivalent.

Turbine Flow Meter 1" 405.00 810.00
Foxboro Model 81F Series
or equivalent.

Multi function, voltage 275.00 275.00
current and resistance
meter, Hewlett Packard
Model 427A, or equiv-
alent.

309



101
INSTRUMENTATION Page 6

Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

38 1 Air Dryer and Separator 260.00 260.00
Van-Air Model D8, or
equivalent.

39 1 Fluid Manometer Mariam 200.00 200.00
Model 33KA35 -2 0-100"
or equivalent.

40 5 Mercury Manometer 150.00 750.00
Meriam Model 331(1335 -2,

or equivalent.

41 2 Industrial Electronics 1,200.00
Motor Control Demonstra-
tor Hickok Model 1114-5,
or equivalent.

2,400.00

42 10 Vaccum Tube Voltmeter 40.00 400.00
Heath Kit Model 11.1-13W
or equivalent.

43 10 Power supplies 250.00 2,500.00
Hickok Model PS505,
or equivalent.

44 5 Oscilloscope, Tektronic 450.00 2,250.00
561, or equivalent.

45 8 Plug in units for 200.00 1,600.00
above Scopes, or equiv-
alent.

46 2 Foxboro Electronic Con- 387.00 774.00
sotrol Resistanceg-to-
Current Converter
Model: 694A
Curve: NR 226, or
equivalent.

47 2 Dynatherm Resistance 52.50 105.00
Bulb Foxboro Model
DB-13N-26W, or equiv-
alent.
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101 INSTRUMENTATION Page 7

Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

48 1 Mechanics chest proto 17.62 17.62
#9965, or equivtlent.

49 2 Vaccum Pump 200.00 400.00
Kinney Model KC-2, or
equivalent.

.50 2 Digital Volt meter 625.00 1,250.00
Simpson Model 2700-A,
or equivalent.

51 2 Centrifugal Pumps, 500.00 1,000.00
or equivalent.

52 Pipe and fittings, 250.00 250.00
surplus, or equivalent.

53 10 Transistor Circuit 200.00 2,000.00
Analyzer, Hickok Model
H-3C, or equivalent.

54 2 Consotrol Alarm 175.00 250.00
Foxboro Model 63S, or
equivalent.

55 2 Alarm 80.00 160.00
Foxboro Model 63R, or
equivalent.

56 2 Dynalog-Controller 200.00 400.00
Foxboro Model 40 with
M/40 pneumatic controller
Assembly, or equivalent.

57 2 Electronic Power Supply 280.00 560.00
Taylor 799NW00035 24V -
6 amps., or equivalent.

58 2 Computing Relay 200.00 400.00
Taylor 106NF1151,
or equivalent.

59 10 Audio Oscillators 225.00 2,250.00
Hewlett-Packard 200 AB,
or equivalent.
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101 IN.TMUMMTATION Page
Code No. Name of List

8

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

60 2 Pneumatic Analog Computer 245.00
Foxboro Model 556-8-30,
or equivalent.

490.00

61 2 Electrical Insulation 250.00 500.00
Tester Biddle No. 2120,
or equivalent.

62 1 Indicating Process 435.00 435.00
Controller, solid state,
3 mode Barber Coleman
Model 541C, or equiv-
alent.

63 10 Instrument Set, 16.00 160.00
Foxboro F-101AA, or
equivalent.

64 10 Pressure Gage Tool Set 17.00 170.00
Aircraft, or equivalent.

*Indicates the minimum items required for this list to furnish basic
austere support.
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ADDENDUM

101 INSTRUMENTATION

Code No. Name of List
Page 9

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

65 5 Work Bench 376.00 1504.00
Cabinet Type

66 1 Drill, T/4" 47.50 47.50
Universal, all
insulated.

67 1 Drill 3/8" 70.00 70.00
Heavy-duty
variable speed.

68 Grinder, 7" 1/2Hp. 98.00 98.00
115-230 V.

69 1 Drill Press 364.00 364.00
Variable speed,
Bench Model
3/4 Hp., single phase
with tilting table.

70 1 Drill Press Vise 27.50 27.50
Jaw size: 3" x 3/4"
Open jaws, 3"

71 1 Hardware Storage 257.00 257.00
Cabinet.

72 2 High Speed Drill Sets 52.10 104.20
1/16 thru 1/2" by 1/64

73 1 Resistance to Voltage 440.00 440.00
Converter (platinum)
(dual)

74 1 Thermocouple to Voltage 440.00 440.00
Converter, Dual Chomel-
Aluarel, Iron-Constantan

75 2 Current t(, Voltage 200.00 400.00
Converter

76 2 Contact Input Isolator 72.00 144.00

77 2 Pulse Rate to Voltage 620.00 1240.00
Converter
0-50, 0-12, 800 PPS
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ADDENDUM

INSTRUMENTATION Pagt: 10
Code No.

ITEM NO. QUANTITY

Name of List

DESCRIPTION
COST OF
ITEM TOTAL

78 1 Current to Voltage 200.00 200.00
Converter

79 1 Control Card & 44.00 44.00
Module 345.00 345.00

80 1 Batch Control Card & 464.00 464.00
Module

81 2 Dual Absolute Alarm
with Module (Relay

233.00 466.00

Type) 100 MA @ 28VDC

82 2 Deviation Alann with 228.00 456.90
Module 100 MA @28VDC

83 2 Sq. Rt. Extractor
with Module

318.00 636.00

84 2 Integrator (Linear) 288.00 576.00

85 1 Aultiplier-Divider 448.00 448.00

86 1 Summer 398.00 398.00

87 1 Signal Selectro 193.00 193.00

88 2 Realy Output CPCD
with Mochlie

110.00 220.00

89 1 Intergrator Power Driver 66.00 66.00
Relay Type, with Module

90 2 Voltage to Current 230.00 460.00
Converter (4-20MA)

91 1 Voltage to Current 230.00 230.00
Converter (10-50MA)

92 2 Rack, Module 110.00 220.00

93 5 Nest 154.00 770.00

94 1 Power Supply 770.00 770.00

95 2 Cable 33.00 66.00
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101 INSTRUMENTATION

ADDENDUM

Page 11
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

96 1 Card Extender 55.00 55.00

97 1 System Calibrator 2,200.00 2,200.00

98 1 Card Test Module 220.00 220.00

99 I Control Station 220.00 220.00
Simulator

100 1 Calioration Module 16.50 16.50
(TC)

101 1 Voltage Divider 50 mv- 16.50 16.50
5.5 Volt Span

102 1 Voltage Divider 16.50 16.50
5-400 Volt Span

103 1 Totalizing Impulse 55.00 55.00
Counter.

104 1 Recorder 655.00 655.00

105 ,

Display, Remote 420.00 420.00

106 1 Shelf 122.00 122.00

107 1 Temperature Bath 1,000.00 1,000.00

108 1 Trainer Module 555.00 555.00

109 1 Refrigerated Bath 650.00 650.00

110 1 Battery Pack 200.00 200.00

111 1 RLC Bridge 800.00 800.00

112 1 Thermocouple 350.00 350.00
RfA4out Meter

113 1 Reference Junction 475.00 475.00

114 1 Instrument Rack 900.00 900.00

115 1 Pyrometer 150.00 150.00

UO2.1005.00
NEW TOtAL COST

APPROVED: May, 1975
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STATE BOARD OF EDUCATION

DEPARTMENT OF COMMUNITY COLLEGES

CURRICULUM GUIDELINES

FOR

CURRICULUM T-045 Electronics

Code

DATE SUBMITTED January, 1977

STATE PRESIDENT

Title

STATE BOARD CHAIRMAN

AWARD APPROVALS:

Technical Curriculum AAS Degree
Technical Specialty Diploma
Technical Specialty Certificate
Vocational Diploma
Vocational Specialty Certificate

317

Date

Date



PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.O.T.

Electronics

Entry Level Positions:

Title D.O.T. No.

Electronic Technician 003.181

Electronic Engineering Aide 003.181

Communications Technician 003.181

Electronic Maintenance Supervisor 003.168

Electronic Engineering Technician 003.181

Advanced Level Positions:

Field Engineer

Technical Sales Representative

Technical Writer

Customer-Engineering Specialist

Research-Test Technician

318

829.281

828.251

139.288

828.281

003.281



CURRICULUM REQUIREMENTS

ELECTRONICS

Subject Area
N AN
tr '0lb A

cl. ie

c, c7 e?
A..

4:3 41

Technical

Electrical Fundamentals
Electronic Fundamentals
Specialized Electronic Circuits
Digital Electronics
Electronic Systems
Electronics Design
Electives

Related

Drafting
Technical Math
Technical Physics

General Education

English
Social Science

Total

Cooperative Education/Internship

Range of Hours

Credit Credit

54-69

12-16
14717

512
0-5
7-19

2-3
4-6

3136

4

15-20
12

18

12

6

TO11718

0-12

Credit Credit Contact



STATE BOARD OF EDUCATION

DEPAR'MENT OF COMMUNITY COLLEGES

CURRICULUM GUIDELINES

FOR

CURRICULUM 1-044 Electrical

---ruai---

DATE SUBMITTED January, 1977

STATE PRESIDENT

Title

STATE BOARD CHAIRMAN

AWARD APPROVALS:

Technical Curriculum AAS Degree x
Technical Specialty Diploma
Technical Specialty Certificate
Vocational Diploma
Vocational Specialty Certificate
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PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.O.T.

Electrical

Entry Level Positions:

Title

Electrical Technician

Convnunications Technican

Electrical Draftsman

Illumination Technkian

Advanced Level Positions:

Electrical Contractor

Electrical Estimator

Manufacturers' Service Representative

Powerhouse Load Dispatcher
,

Technical Writer

321

D.O.T. No.

003.181

003.181

003.281

003.187

182.168

003.281

638.281

003.187

139.288



CURRICULUM
CTRI
REQUIREMENTS

ELECAL

Subject Area

"N 1.,
1

'tp N 'b
C., 'b 1 .s,It

N Ika

"\e,
Cr

95' ttCr t%
Gic 4z§j(41

Technical

Electrical Fundamentals
Electronic Fundamentals
Electrical Machines
Electrical Controls and Circuits
Electrical Systems
Electrical Design
Electives

Related

Drafting
Technical Math (including concepts

of analytical geometry and
calculus)

Technical Physics (including
mechanics, light and sound)

General Education

English
Social Science

Total

Cooperative Education/InternshiP

322

Range of Hours

Credit Credit Credit Credit Contact

54-70

12-16
10-17
6-8
4-11

4-11

3-6
6-8

31-36

4

15-20

12

18

12

6

108-118

0-12



STATE BOARD OF EDUCATION

DEPARTMENT OF COMMUNITY COLLEGES

CURRICULUM GUIDELINES

FOR

CURRICULUM T-039 Electromechanical
Code

DATE SUBMITTED January, 1977

STATE PRESIDENT.

Title

STATE BOARD CHAIRMAN

AWARD APPROVALS:

Technical Curriculum AAS Degree
Technical Specialty Diploma
Technical Specialty Certificate
Vocational Diploma
Vocational Specialty Certificate



PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.O.T.

Electromechanical
Entry Level Positions:

Title

Electronic Mechanic

Electromechanical Technician

Automated Process Electronics Technician

Electromechanical Inspector

Electromechanisms Design Praftsman

Advanced Level Positions:

D.O.T. No.

828.281

710.281

728.281

710.381

017.281

Test Equipment Development Technician 003.181

Customer-Engineering Specialist 828.281

Field Engineer 829.281

324



CURRICULUM REQUIREMENTS
Electromechanical

Subject Area N 16 N
N ,...b. ., . C)C' :*

%.5" C. (....; '. c,..b e,L,

Nej

Range of Hours

Credit Credit Credit Credit Contact

Technical 61-77

Electrical Fundamentals 12-16
Electronic Fundamentals 10-17
Specialized Electronic Circuits 0-3
Digital Electronics 3-10
Specialized Electronic Systems 0-5
Electromechanical 10-20
Mechanical 10-12
Electives 3-8

Kel.t.tyd 31

Drafting 4
Technical Math 15
Technical Physics 12

General Education

'English
Social Science

Total

18

12

6

08-118

Cooperative Education/InternAip
I

0-12
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STATE BOARD OF EDUCATION

DEPARTMENT OF COMMUNITY COLLEGES

CURRICULUM GUIDELINES

FOR

CURRICULUM 1-048 Instrumentation

Code Title

DATE SUBMITTED January, 1977

STATE PRESIDENT

STATE BOARD CHAIRMAN

AWARD APPROVALS:

Date

Date

Technical Curriculum AAS Degree (x )
Technical Specialty Diploma )

Technical Specialty Certificate
Vocational Diploma
Vocational Specialty Certificate (
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PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.O.T.

Instrumentation

Entry Level Positions:

Title

Electrnnic Mechanic

Instrument Mechanic

D.O.T. No.

828.281

710.281

Instrumentation Technician 003.281

Advanced 1.e4e1 Positicns;

Development - im.crumentation Technician 003.181

Systems - Testing - Laboratory Technician 003.181



CURRICULUM REQUIREMENTS

Instrumentation

Subject Area N AN tr $0tr N
C) $.(5 1,

1 l, ,:!`a 0.a
c.. 41j41,='

Technical

Electrical Fundamentals
Electronic Fundamentals
Specialized Electronic Circuits
Digital Electronics
Instrumentation
Chemistry
Electives

Related

Drafting
Technical Math
Technical Physics

General Education

English
Social Science

Total

Cooperative Education/Internship

,i.JNIOR co.:,...!:;.:.s

328

Range of Hours

Credit

59-69

12-16
10-17

0-5
0-5

16-20
6-8

4-9

31-36

4

15-20
12

18

12

6

08- 20

0-12

Credit Credit Credit Contact


